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Education for Farmers 


ROM a member of more than thirty years in the Ameri- 

can Society of Agricultural Engineers, a man with un- 
usual observation and insight into the social and economic 
aspects of agriculture as well as its engineering, has come 
a suggestion for a new approach to higher education for 
farm —_ We make bold to add thoughts of our own. 

His idea is that many farmers could get away from the 
farm for a straight three months of real college work, if 
the term or quarter were properly timed into the crop cycle. 
He does not minimize the value of extension work nor of 
resident short courses, though of the latter he observes that 
the students go back home before they have learned their 
way around the campus. In his measured judgment, the 
major value of his proposal is in getting the farmer for 
three months away from the environment of the farm and 
into the academic atmosphere. 

He believes that such farmers would go back to their 
farms with a new and broader perspective on the place of 
farming in the nation’s economy. He believes they will be 
better farmers, able to plan more wisely with a vision of 
national and world needs, as well as being more expert in 
some specific phases of farm technology. They should be 
freed from the feeling that the world of education is some- 
thing from which they are excluded. 

We see in his proposal something still greater. We see 
a chance to make the farmer not merely a more efficient 
tiller of soil and swiller of swine, but an educated man. In 
the company of keen minds and under the stimulation of 
a scholar he could roll back the centuries and scan the rise 
and fall of civilizations. He might make systematic study 
of classical economics or of political science. According to 
his taste and talent he could take up intensively one or an- 
other of the humanities. 

In the unfolding American scene there is need for edu- 
cated men in agriculture. No longer a majority able to hold 
its place by brute force of numbers, agriculture must make 
its way by the caliber of its citizens. Pending the time when 
a regular college course is routine for farm youth, the 
winter term of regular college participation would be a 
stride in the right direction. We commend the proposal for 
discussion and for development. 


Surplus and Salvage 


a gar i the time is rapidly approaching when 
there will be a big job, not to say a problem, of liqui- 
dating huge stores of materials left over from military and 
other government purchases. Agriculture and its engineeers 
have interests, both special and general, in the policy and 
procedure of such disposal. 

In the training centers are large amounts of temporary 
construction, largely of lumber. Much of this material, in- 
cluding electric wiring, windows, etc., if efficiently salvaged 
and intelligently distributed could well be woven into the 
program of farm building and remodeling so greatly need- 
ed. Obviously it should be utilized, so far as practicable, 
close by the points where it happens to be. Unfortunately 
the methods of government auctions or other sales do not 
lend themselves to practical patronage by individual farmers 
or local contractors. 

_ Etficient procedure would be to get these materials as 
directly as possible into the permanent channels of distri- 
bution — the brokers, wholesalers and retailers of building 
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materials and supplies. We see no sense in holding these 
established and efficient distribution streams stagnant while 
building up a bureaucracy to by-pass them. The sooner we 
get the machinery of private business into high gear, the 
quicker and smoother will be the transition to the economy 
of peace. 

It is important, of course, to utilize such salvage and 
surplus materials in an orderly fashion without disrupting 
the production of new materials in reasonable volume. We 
envision the surpluses being fed into the stream of regular 
business rather slowly and steadily, like the tailings coming 
back to the cylinder of a thresher. Resumption of an active 
private business economy promises more benefit to agricul- 
ture than could come from special subsidies in the form of 
abnormally low prices for materials sold to farmers. 

Example for the procedure to be followed is furnished 
by the system of prime contractors and subcontractors in 
war production. Let concerns big enough and experienced 
enough in dealing with government methods buy the camps 
or stockpiles as whole units. Let them peddle the stuff out 
into established channels of trade. Let there be competition 
in purchasing and in selling. If they manage to make a 
good profit, so much the better. The government will take 
most of it in taxes and thereby ease by that much the burden 
on every citizen. 


Let’s Have Profits 


NCREDIBLE in a more or less educated country, and 
obviously illogical, is the prevalent feeling that a prime 
purpose of government is the prevention of profit. Waste, 
inethciency, corruption and fantastic costs can be forgiven, 
but not the earning of a profit. Even when 95 per cent of 
the profit is recaptured in taxes, the mere earning of the 
profit arouses revulsion. 

Perhaps the psychologists can explain this emotional 
quirk. As engineers we can only do our bit to combat it. 
It may seem silly to point out the obvious, but it also seems 
necessary. With a federal debt of some 200 billion to be 
borne, there is a lot of taxpaying to do. As long as corpora- 
tion earnings are taxed 50 to 95 per cent, before the residue 
is again taxed as stockholder’s income, the logical prayer by 
engineer and patriot would be for higher and better profits. 

Important as is the problem of federal revenue, that of 
employment is even more urgent. We cannot go all the way 
with those wishful thinkers who hope to have war employ- 
ment -without a war and war wages without regard to 
treasury deficits. We can discount their hopes and promises 
to a reasonable peacetime level and still be concerned about 
employment. 

Despite all its sins, actual and alleged, the only thing 
that can pay both wages and taxes is private business. Only 
when private business is high in volume are both farm 
products and the services of labor in brisk demand. Only 
when there is at least a hope of profit does business wax 
strong enough to bid well for the full fruits of land and 
labor. 

As we face the era of demobilization and readjustment, 
it is only common sense for the common man to insist that 
public policy give the green light to private business. For 
purposes of public policy it is immaterial whether it be big 
business or small business, corporate, cooperative, or in- 
dividual. The criteria are (1) whether it carries its full 
load of taxes, and (2) whether it has the. opportunity and 
the objective of growing by its own earnings, i.e., profits. 


Ry oo’ = fe eee Te elie RNS a en ek Se Oa QS ee oe hee A ‘ 
ay a a: ae ae - Bint ey rare een ers? ee Roig Same ao gn epee er 3 cr, ee F 
r ‘ Pe le Tos ok tll gel eee 2. ea Sr 5 83s amin ho oe tag, Seed 7 ee Eo ibe 
Setar ees mee: Oe ie’. gees Ear, arenas aes 
eS ce gee aA ia fone ah eS Te eee eae ae eee ee we ae 
7 ) RRM 8 SE ES pe ELAS op eee sae ae ee Meads |e ee ie A ae ae me ea Lh 
om iy Tae, eu eee Vi i «Bi ihe G 2 oe Pag Rae SI be SA a1) eee Naas’ Ty x Se es. RS pe ee ; 
ee 367 
—— a - — —_@oriuowm™ OOOO 
eee 
a 
~ 
M 
Ca 
. ee 
ae 
* an 
: > sae 
. a 
4 xf 
x > 
<<. s ’ 
i a Da 
, => 
x Sage 
"ee yt. 
on ee 
an 
i 
ee 
ae 
vr ae 
[a 
Ps fag 
a 
es. 4 Ce 
oS eee 
a ea 
es 
2 
ae, 
ee 
OS ae 
es 
he a 
le a 
a0 
a oD 
a: 
¥ 
r, 
ot y ‘a 
mS Bs: 
ee. 
« 
bs 
eT 
J 
a 
3 
er 1944 ; : See gaa eee ee 
saris 7 ‘ 
ro eines is cea © ei: \ dee a eee =a Pes ce Ae OWE Mg EE i 2 ala i oT gee 5 es s 
a ee Bede ea ie ae ay Soiey AF Ss Ber yey) cy, pk NR as ™ plates = > eebaHE Soe ETS ae) eae, 
Te ey Lee fe Re aha heed se eareee ie Tice 9): Se = : at ae a ie 


Many railroad car builders 
have used durable Douglas fir 
plywood for the ceiling and 
inside lining of freight cars, 
cabooses and baggage cars— 
and for complete refrigerator 
cars. 


The Great Northern Railway 
is the latest to select Douglas 
fir plywood to do a really 
tough job. A schedule of 1,000 
boxcars, built at the Great 
Northern’s St. Cloud shops, 
utilized plywood for all out- 
side and inside sheathing, in- 
cluding the ceiling. 


Exterior type Douglas fir ply- 
wood (made with permanent- 
ly waterproofed binder) was 
used throughout the new cars. 
Outside panels, installed ver- 
tically, are 54” thick. Inside 
panels, installed horizontally, 
are 54” thick. Ceiling panels 
are of 5/16” plywood. De- 
tailed structural sections are 
shown at the right. 


The plywood cars, built with 
special steel frame and wheel 
carriages, average two tons 
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Another Application 
proving the Durability of Douglas Fir Plywood 
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DOUGLAS FIR PLYWOOD ASSOCIATION, Tacoma 2, Washington . 


lighter than conventional 
cars. Production schedules 
called for the completion of 
six per day. The fact that 
Douglas fir plywood proves 
itself ideally suited to such 
rigorous service demonstrates 
again that this “miracle 
wood” is one of your most 
versatile building materials 
for every type of structural 
use. Douglas Fir Plywood 
Association engineers w il] 
gladly answer any query con- 
cerning plywood’s applic xtion 
to construction work o: any 
kind. 


Douglas fir plywood is now availe.'e only 
on highest priorities. Application fo: alloca- 
tion must be made by suppliers to “he War 
Production Board. 
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Some Concepts of Farming Efficiency 
By G. B. Gunlogson 


duced and energy expended.” What I want to discuss in this 
paper are some concepts of farming efficiency in a broad 
sense, especially the ratio between what we get out of agriculture 
and what we are putting into it. 

When it is desired to convey the conception of efficiency in 
farming, it is quite common among us to employ a device which 
expresses some optimum performance. For example, we may say 
that a bushel of corn can now be produced with 3 min of man 
labor, or that a man now produces 4 bu of wheat in the time re- 
quired for 1 bu fifty years ago. : 

To the man in the street this is a spectacular performance, but 
it does not have the same reaction at all on the farmer. He knows 
there are many factors between paper efficiency and farm production 
which are beyond human control. Then there is another set of 
factors of agricultural-mechanical-economic nature which he often 
finds difficult and sometimes impossible to solve. They are essen- 
tially the limiting factors in farming efficiency and mechanical 
efficiency. 

There are two ways of measuring or considering how efficient 
machinery has actually made the farmer of today. One way is to 
employ statistics. We can show what it took in the way of ma- 
chinery, horses, mules and men to operate our farms last year, or 
ten or twenty years ago. By more arithmetic this can be brought 
down to an acre or bushel basis, to a unit farm, or to an individual 
worker. 

The second method is to go out and make a close study of what 
individual farmers are doing, or try it out for ourselves where we 
can use Our own judgment and take our own chances with the re- 
sults. If we go into any farming community, select a typical farm 
there and operate it for a few years, we are sure to get first-hand 
experience with some of these “limiting factors” that have been 
mentioned in the relationship of machinery to agriculture. 

A generation or so ago it was quite easy in some parts of the 
country to engage in farming without cash in your pocket or in a 
bank. One could always rent a farm or even buy one without pay- 
ing anything down. Horses, ma- 
chinery and seed could be obtained = ™ 
by signing notes. It was about 
that time, nearly 35 years ago, and 
under those circumstances that I 
started farming on my own. Two 
years later I went broke. I did 
salvage an interest in a threshing 
machine because that had been 
purchased on four years’ time, in- . 
stead of the one or two years 
which were the customary terms 
on horses and the smaller ma- 
chines. I have been farming on 
some scale ever since. I am not 
going to draw any conclusions 
from this experience. It is cited 
here merely as a chronological 
corollary to what I wish to bring 
out. 

There is no question that farm 
machinery has been improved and 
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made more efficient, which enables a farmer to turn out more work 
in a given time and with less physical effort. Also, many new 
farm machines which were non-existent thirty years ago have been 
made available to farmers, or at least were available before the war. 


(Because of the many abnormalities and economic incongruities 
that now prevail, it is fair I think to take conditions as they were 
in 1940 as a reasonable normal for this discussion. If the farmer 
can return to that level at the end of the war, and proceed from 
that point, I think he will be lucky.) 

The extent to which the farmer has availed himself of modern 
machinery is a matter of record: (1) In 1940 there were about 
1,600,000 tractors in use on our farms compared with possibly 
10,000 in 1910. (2) In 1910 the combine was practically unknown 
except for a few that were in use in one or two states on the 
Pacific Coast. In 1940 about 250,000 helped to harvest our crops. 
(3) In 1910 farmers had no trucks; in 1940 they had a million of 
them. (4) In 1940 they purchased nearly one-half billion dollars 
worth of farm equipment, not including trucks, as compared with 
about one-fifth of that in 1910. 

In addition to machinery, there has been made available to the 
farmer a long list of technical developments. Agriculture has bene- 
fited by research information, education and various services that 
have been made available through governmental agencies and state 
institutions, farm organizations and individual farmers: 

1 Plant breeders have given us more productive plants, im- 
proved their adaptability to soils and climate and made them more 
resistant or tolerant to disease and insect pests. 

2 Improvements have been made in livestock by breeding, sani- 
tation and more scientific feeding. 

3 Better control of soils and fertility has been achieved by better 
use of cover crops, manure, lime and fertilizers, legumes, range and 
pasture improvements, by terracing, contour farming, strip crop- 
ping, etc. 

4 Some progress has been made in processing and in finding 
new uses for farm products. 

5 Farm cooperatives or mar- 

keting and purchasing associations 

pantie have flourished and now number 

well over ten thousand and in- 

clude in their membership about 
half the farmers in the country. 

6 In 1940, about 70,000 peo- 
ple in the U. S. Department of Ag- 
riculture alone were engaged in 
servicing agriculture, compared 
with about 15,000 in 1910. 

7 The Agricultural Adjust- 
ment Act became a law in 1933 
and since then all sorts of eco- 
nomic plans and edicts have been 
directed at the farmer, sometimes 
under coercion. 

Now what has been the effect 
of all this on the welfare or earn- 
ing power of farmers? How much 
have all these contributions im- 
proved the efficiency index in ag- 
riculture? 

Unfortunately there are very 
few actual records available of in- 
dividual farms, extending over a 
period of years, which could be 
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cited as specific answers. Besides, a survey of this sort would be 
difficult to make, but I think I can convince you without a survey 
that it is nearly as easy for a farmer to go broke now as it was 30 
years ago. In lieu of such individual farm records we can resort to 
agricultural statistics for the whole farm enterprise in the country, 
which should give us some idea of the gain that has been made. 
So first we might take a look at the farm property statement in 
1940 and compare it with the 1910 statement (Table 1). 


TABLE 1. FARM PROPERTY VALUATION 
1910 1940 

Real estate (land and buildings) $34,801,000,000 $33,642,000,000 
Machinery equipment* 1,380,000,000 2,633,000,000 
Livestock, crops on hand 5,780,000,000 5,871,000,000 
Total $41,961,000,000 $42,146,000,000 
3,207,000, 000 __ 6,906,000, 000 

$38, 754,000,000 


Farm mortgage debt 
Apparent net worth 


$35,240,000,000 


*Includes 40 per cent of automobiles; 100 per cent of other vehicles 


(It will be noted that figures for single years have been used 
instead of computing average values for longer periods, and they 
come very close to what would have been obtained by striking 
averages. Most of the subsequent figures will be similarly derived 
unless they deviate substantially from the normal.) 

The statement of Uncle Sam's farming enterprise as submitted 
does not look so good. When we subtract the farm mortgage debt 
it shows a 31, billion dollar depreciation in assets since 1910. 

If some of you think that the farmer has been getting away 
with some money to avoid taxes or for any other reason, we can 
do as the Treasury Department would do and look into the records 
to see what has been going on and what the earnings and expendi- 


tures have been. That will be the purpose of some of the tables 
that follow. 


TABLE 2. EXTENT OF THE FARMING ENTERPRISE 


1910 1940 
Number of farms 6,361,000 6,096,000 
Population on farms 32,077,000 30,546,000 
Farm employment 12,146,000 10,585,000 


These figures in Table 2 reflect some progress in labor efficiency. 
The reduction in number of farms of nearly 300,000, or 5 per cent 
from 1910 to 1940, meant a corresponding reduction in farm popu- 
lation, and probably a corresponding reduction in farm labor. How- 
ever, most of these farms that have disappeared from the “farm 
count” were contributing very little to the agricultural production 
of the country, so it is difficult to tell to what extent our increased 
efficiency has offset the disappearance of this labor. 


The changes that have taken place in total production are shown 
in Tables 3, 4, 5 and 6. 


TABLE 3. PRODUCTION OF PRINCIPAL FEED CROPS 


1910 1940 
Acres Production Acres Production 
(000) (thousand tons) (000) (thousand tons) 
Corn 102,267 79,878 86,738 68,897 
Oats 36,844 17,696 35,393 19,936 
Barley 7,546 3,418 13,496 6,442 
Total 146,657 100,992 135,627 95,275 
TABLE 4. PRODUCTION OF PRINCIPAL FOOD CROPS 
1910 1940 
Acres Production Acres Production 
(000) (thousand bu) (000) (thousand bu) 
Wheat 45,793 625,476 52,980 812,374 
Rye 2,262 29,098 3,210 41,149 
Rice 666 24,731 1,069 54,433 
Buckwheat 840 14,536 389 6,493 
Potatoes (all) 4,278 402,360 3,529 431,914 
Total 53,839 1,096,201 61,177 1,346,363 
TABLE 5. FIBER AND FORAGE CROPS 
1910 
Acres Production Acres Production 
Cotton 31,508,000 11,609,000 bales 23,861,000 12,566,000 bales 
Hay 68,332,000 79,998,000 tons 71,834,000 94,731,000 tons 


Total 99,840,000 “95,695,000 
TABLE 6. TOTAL OF 17 PRINCIPAL CROPS HARVESTED* 


1910 — 305,651,000 acres 
1940 — 300,451,000 "’ 


*Corn, oats, barley, wheat, rye, buckwheat, rice, flaxseed, cotton, 
tame hay, wild hay, edible beans, potatoes, sweet potatoes, tobacco, 
sugar beets and sugar cane. 


Table 7 shows about a 20 per cent increase in income, and we 
must bear in mind that the 1940 figure includes $766,000,000 
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government payments. If we also consider the lower purchasing 
power of the dollar in 1940, it is apparent that the farmer received 
actually less for his efforts in that year than he did in 1910 


TABLE 7. FARM INCOME AND EXPENSES 


1910 1940 
Gross farm income $7,352,000,000 $11,043,000, 000 
Total expenses of 


production 


3,599,000,000 6,464,000, 000 
Net income 3,753,000,000 4,579,000, 0.00 
Inventory correction 151,000,000 96,000,000 


Actual net income $3,904,000, 000 $ 4,675,000, 000 


These figures are self-explanatory. They are not complet« and 
they are presented merely to summarize quickly the economic trend 
during the last generation in farming, and especially to serve in 
this discussion as an approximate measure of the production eff- 
ciency in agriculture. 

There has been a substantial increase in livestock and shifts 
from one crop to another. On many farms the work has been made 
easier and drudgery has been lessened. Yet there is very little 
more leisure to be found on farms now than a generation ago. 
Working hours are just as long. 


The gains that have been made should not be minimize, but 
when we consider what has been put into agriculture in the way 
of mechanical equipment, service and technical advancements, the 
gain has been so exceedingly and discouragingly small that I believe 
we should begin to look for the reasons for this failure. I think 
we should begin to find out why all these things that have been 
accomplished in the name of agricultural advancement and in the 
name of agricultural engineering have not contributed more to the 
composite results in agriculture and to the economic welfare of 
the farmer. 

The reasons are complicated, and many of them are obviously 
of an economic nature. I can only hope to point out some of the 
most apparent ones: 

First, some of this business which comes under agricultura! ser- 
vice and improved machinery is obviously overrated and some of 
it, as a matter of fact, has proved impractical or of negative value 
when put to the test by farmers. 

However, some of that is to be expected. It is perhaps the un- 
avoidable price of progress. A far more important factor in de- 
laying the benefits of worth-while improvements is the time lag 
between the introduction of a better practice or a better machine 
and its acceptance and widespread application among farmers. One 
thing that would shorten this lag, in my opinion, is better under- 
standing and cooperation among the various departments and in- 
dividuals engaged in agricultural work. This includes those on both 
public service and private industry payrolls. ; 

Second, some of the agricultural problems which farmers face 
today, and a few of them are of growing menace, have to some 
extent cancelled out the inherent gains of the technological ad- 
vancements and improved mechanical efficiency. In fact, new ma- 
chines, more power, and new practices have had to be employed, 
in many cases, primarily to combat the menaces of insects, discase, 
weeds, soil exhaustion and erosion. Undoubtedly the most serious 
of these problems is soil erosion. Therefore, one of the most urgent 
needs of the farmer today is the acceptance and adoption o! soil 
conservation practices. 

Third, we might analyze more specifically why machinery, \ ich 
has been employed on an increasing scale as shown by the re reds, 
has not been more effective in raising our over-all efficiency in 
farming. 

As we go from one farm to another we find several and va:ying 
reasons. For one thing we find relatively few farms that are «‘fec- 
tively mechanized, and most of them are in varying degrees and 
stages of mechanization. We still find hand, horse and tractor 
methods employed and conflicting with one another on the same 
farm. It is doubtful if more than one-third of our farms i: the 
best agricultural states are making effective use of reasonably 
modern machinery. 

The farmer usually buys his machinery one unit at a tim. and 
the transition from horse to tractor machinery and methods involves 
certain problems which have not been fully solved. 

The next problem we get into is the variation in farm s1z¢s, 
type of farming and crops grown. We may find conditions where 
the annual carrying cost of the machinery may run up to $/0.00 
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er acre for common field crops that normally might not gross 
more than $30.00 per acre. 

Here is a picture of a typical farm in Walworth County, one 
of the best agricultural counties in Wisconsin and one that ranks 
high for the entire country. It is essentially a dairy farm although 
some hogs and poultry help with the income. The size of the 
farm is 160 acres. About three-fourths of the farms in the county 
are smaller and the average is 126 acres. 

In 1940 this farm was sold for $14,500.00, or about $90.00 
per acre for the land and improvements. The purchaser, who was 
a farmer, had to equip the farm with machinery and livestock. Here 
is the list of machinery purchased and approximate prices: 


General Farm Machines 


Haying Machinery 


Tractor $1250.00 Mower (power) 130.00 
Plow 160.00 Side-delivery rake 150.00 
Walking plow Py Loader 160.00 
Disk . @ 44000 
Weeder (second hand) 120.00 $ 440.00 
Harrow 50.00 Miscellaneous 
a 200.00 | Truck (50 per cent) 450.00 
Lime <p : Automobile (20 per cent) 180.00 
Soil pulverizer __125.00 | Team of horses 300.00 
$2195.00 Wagons (two) 140.00 
Fanning mill 60.00 
Corn Machinery 
Planter 130.00 Feed mill __150.00 
Cultivator 200.00 $1280.00 
Binder 350.00 
Silo filler 320.00 Summary 
Husker-shredder (s.h.) _ 450.00 General farm machines $2195.00 
$1450.00 Corn machinery 1450.00 
Small grain machinery 530.00 
Small Grain Machinery Haying machinery 440.00 
Grain drill with seed and Miscellaneous 1280.00 
fertilizer attachments 260.00 Total $5895.00 
Grain binder 270.00 
$ 530.00 


This farm has 135 acres under cultivation and the remainder is 


permanent pasture and farmstead. In 1940 the following crops 
were grown: 


Corn 44 acres 
Oats and barley 36” 
Soybeans Ss * 
Alfalfa and other hay __. ee 
Rotation pasture aed 
Hog pasture 2 
135 acres 


You will see that the initial investment in the mechanical equip- 
ment employed in connection with the crops is approximately 
$43.00 per acre on the average, including the hay and pasture acre- 
age, and considerably more for the corn. 

The experience so far with this farm shows that it can support 
this machinery. Where we run into trouble is on farms where the 
operation is limited to a small acreage of corn or some other crop 
that requires efficient machinery to make it available for market or 
feed on the farm. There is no simple solution and conditions vary 
from farm to farm, which complicates the problem. Some possibili- 
ties, however, may be mentioned: 

1 Less diversification by eliminating some crops and growing 
more of others. However, that procedure invariably leads to other 
problems which involve rotation, soil conservation, effective use of 
labor and others, which are too variable to discuss here. 

2 Work toward simpler cultural practices which may involve 
new crops, and here is where agronomists and geneticists may have 
to come to the rescue of the farmer. For example, you can see 
what it would mean to the marginal corn producer if plant breeders 
could supply him with a variety of corn that could be planted and 
harvested with ordinary small grain machinery, and would yield 
about the same feed units per acre as our present varieties do in 
those localities. The scientist might have to go back to some primi- 
tive strain and from it develop a plant with a smaller stalk and a 
smaller ear, but with many more stalks possible per acre. 

3 Perhaps we should encourage more custom work or sharing 
of machinery with neighbors. The report on rental rates for ma- 
chinery presented to the American Society of Agricultural Engineers 
some time ago was a step in that direction. There is considerable 
Custom, rental and exchange work going on now among farmers, 
and 1 believe there is need of more recognition of these practices 
and their possibilities. 

4 It is obvious that important improvements have been made in 
farm machinery with respect to adaptability and mechanical effi- 
ciency and continued progress along this line is bound to react to 


371 


the benefit of farmers. There has been a trend toward smaller 
units in many machines and this trend seems to be accelerating. 

It is important, however, that we consider the adaptability of 
machines from every angle — particularly their relationship to the 
economical operation of the farm or, to put it more bluntly, the 
ability of the machine to put money into the farmer’s pocket. 

This is the criterion that counts. The salability of a machine 
over a brief period of time may give a misleading impression as 
to the success of a machine in this respect. 

There is some danger in my opinion that the trend with respect 
to small sizes may go too far. Too much emphasis on smallness 
with correspondingly low prices may mislead us and result in an 
economic boomerang for the farmer. 

Perhaps a simple illustration will help to explain this possi- 
bility. Let us assume that a farmer is deciding between two tractors 
of the same quality, except for size. Tractor A costs $666 and 
Tractor B costs $1000 and has about 50 per cent more capacity, 
which may be utilized either for pulling a wider implement or 
traveling at a higher speed. (Of course there is no reason why the 
price spread should be as wide as the spread in power.) The cost 
of a tractor operator in normal times is about $3.50 per day with 
board and room, but we will use a $3.00 per day rate to simplify 
our figuring. Let us assume 1,000 days as the life of these tractors. 
When Tractor A is worn out, the farmer will have saved enough 
in labor with Tractor B to purchase a new tractor, and he will still 
have three years of work left in the larger tractor. The same thing 
applies to a combine. 

In this illustration we have taken account of only the cost of 
the tractor and the man on it. The investment in some of the im- 
plements used with the larger tractor would be higher, which would 
reduce the ratio of savings to some extent. On the other hand, no 
account has been taken of possible savings in the labor of extra 
men that might be involved. But if we add up all the labor saved, 
we haven't touched upon one big advantage which the added capa- 
city is absolutely certain to give the farmer. 

The two principal factors which determine the cost per unit 
of producing a crop are (1) yields and (2) effective use of labor. 
This is a point I want to emphasize: There is nothing within the 
farmer's control that has more to do with high yields and certainty 
of crops than good seedbed preparation and timeliness. To accom- 
plish these, ample power and machine capacity are essential. You 
understand this as well as I, and I need only point out the ex- 
perience many farmers had this spring and have every spring to 
show why so much depends on planting a crop at the right time 
and immediately after the seedbed has been put in good shape. 

When the continuity of these operations is broken by bad wea- 
ther, the farmer has to prepare the seedbed again by disking and 
harrowing or tilling, or the seed goes in when the ground is in 
poor condition for planting. Under these conditions ample me- 
chanical capacity will put money into the farmer’s pocket far be- 
yond the savings in labor. 

I hope that these comments on machine efficiency will not be 
misconstrued. I am not opposing small tractors or machinery for 
farms for which they are fitted. I merely want to emphasize the 
importance in farming of having power and machinery that is 
adapted economically and agriculturally to the work on the farm. 
Over twenty-five years ago I was responsible for an extensive sur- 
vey of power requirements on farms, by types and size groups, and 
later a part of the report was published in ‘Automotive Industries” 
for July 6, 1922. That survey disclosed the widespread need for 
general-purpose tractors and other types of small tractors, and 
neither the underlying conditions nor my conclusions have changed 
materially since then. 

Fourth, and finally, there perhaps should be mentioned one 
other reason — and this has been touched upon before — for the 
disparity between what the farmer gets out of farming and what is 
going into it in the way of mechanical and technical improvements. 
It seems there is need of more coordination and cooperation be- 
tween the activities and efforts of the many specialists who are now 
serving agriculture. Perhaps we need fewer specialists and more 
country doctors. 

It seems to me that if engineers become better acquainted with 
soil experts, agronomists, plant breeders, animal husbandmen, farm 
management men, practical farmers, etc., and vice versa, it would 
react to the practical benefit of the farmer. Particularly would it 
be helpful for those agricultural engi- (Continued on page 374) 
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Planning Farm Ponds to Insure Ample Water Supply 


By D. B. Krimgold and L. L. Harrold 


MEMBER A.S.A.E. 


cussed before this group. Howard Matson in his article in 

AGRICULTURAL ENGINEERING for November, 1943 (page 
380), estimated that in 1943 there were probably more than a 
million farm and ranch ponds; he stated that many additional ponds 
are needed and that a great deal of work must be done in improv- 
ing existing ponds. This opinion is amply substantiated by the es- 
timates contained in the preliminary state postwar planning reports. 

Twelve of the reports examined by the senior author, including 
those of Colorado, Georgia, Idaho, Montana, Pennsylvania, South 
Dakota, Tennessee, Texas, Vermont, Virginia, Washington, and 
West Virginia, call for a total of some 250,000 impounding reser- 
voirs needed for a sound agricultural program. The Missouri re- 
port calls for 500,000 ponds for that state alone. The fact that of 
the above 250,000 the report of the state of Georgia calls for some 
34,000 farm ponds should dispel the erroneous idea some people 
may still have that the need for impounding reservoirs on ranches 
and farms is limited to the arid and semiarid parts of the country. 
It may also be well to point out that the uses of farm ponds are 
not necessarily limited to supplying water for livestock, for do- 
mestic use, and for supplementary irrigation. To these should be 
added the propagation of fish; water supply for spraying orchards, 
for fire protection, and for ice on the farm; and various recreational 
uses such as fishing, boating, and ice skating. These are not merely 
rationalizations; they are now actually found in many places. An- 
other important and logical use of farm ponds is for disposal of 
excess water from terraced fields and diversion ditches. 

‘There has been some talk recently on the use of farm ponds as 
a flood control measure, the implication being that with a sufficient 
number of ponds on a watasshed enough water can be stored 
and retarded by temporary spillway storage to reduce the magnitude 
of floods. Whether this is sound, especially on major watersheds, 
remains to be shown by careful analysis of all the factors involved. 
It appears more than likely that the use of impounding reservoirs 
on farms and ranches will be greatly expanded. The farm planner 
and agricultural engineer will be called upon to plan and construct 
such reservoirs under various conditions and for multiple purposes. 

The purpose of the reservoir, the topographic and geologic 
characteristics of the site, and hydrologic factors, as well as eco- 
nomic and legal factors and health hazards, all enter into the 
proper planning of an adequate impounding reservoir on a ranch 
or farm. The hydrologic considerations involved are basic and 
common to all uses and conditions. It is the purpose of this paper 
to share some of the information and thoughts on the subject and 
to discuss the hydrologic factors involved, to demonstrate the inter- 
relationship between such factors as the size of drainage area and 
the dimensions of reservoirs, and to illustrate the application of 
these relationships in the proper design of small impounding 
reservoirs. 

This paper is not intended to offer a complete and rigorous 
treatment of all the hydrologic factors. A good deal more work 
and basic data will be required before this can be done. It is felt, 
however, that with certain reasonable assumptions the limited in- 
formation now available can be utilized in arriving at adequate 
procedures and values to be used in the planning and design. 

‘For small, relatively shallow reservoirs for a given period of 
time and for each increment in depth for which the surface area 
of the pond is practically constant, the relationship between the 
various hydrologic factors and the dimensions of the reservoir can 
be expressed as follows: 


RA u Ww 
—+P-—(E+—+S)=d+ 
a a 


Te subject of farm and ranch ponds has been previously dis- 


a 


. This paper was presented at the annual meeting of the American 
Society of Agricultural Fngineers at Milwaukee, Wis., June, 1944, as a 
contribution of the Soil and Water Division. 


D. B. KRIMGOLD and L. L. HaRROLD are, respectively, soil conserva- 
tionist, runoff studies, and project supervisor, North Appalachian Ex- 


perimental Watershed, Soil Conservation Service, U. S. Department of 
Agriculture. 


where A (acres) = the size of the drainage area 


R (acre-feet) =total runoff from the contributing drainage 
area per acre during the period under consideration 

a (acres) mean surface area of the reservoir for a ven 
increment in depth 

P (feet) =precipitation falling on the reservoir during the 
period, irrespective of whether or not it produces su face 
runoff from the drainage area 

E (feet) evaporation from the surface of the rese:voir 
during the period under consideration 

u (acre-feet) =amount of water used by livestock or o:her- 
wise during the period under consideration 

S (feet) =seepage during the period 

d (feet) =increase (+) or decrease (—) in the depth 
interval 

W (acre-feet)=amount of water in acre-feet in exces: of 


the capacity of the reservoir which is wasted over the 
spillway. 


Another factor, not included in the above expression, is the loss of 
reservoir capacity due to silting, which must be considered especial- 
ly when the drainage area is cultivated. 

Of the factors listed above, precipitation is entirely beyond con- 
trol. Evaporation is practically so, although some means are avail- 
able to reduce evaporation which might be considered under special 
conditions. Runoff per unit area, being a function of precipitation, 
is largely beyond control except by modification of vegetal cover 
and tillage practices on the contributing drainage area. The re- 
quired amount of water for use may be fixed, or an adjustment can 
be made to conform to the available net supply. The size of the 
drainage area may be fixed by the characteristics of the site or 
may be increased or decreased by diversion. Seepage may in many 
places determine the feasibility of the site. Its extent must be de- 
termined in each case and provisions made for reducing it or elimi- 
nating it entirely. Silting will depend on the vegetal cover and 
tillage practices on the drainage area; it can, in most areas, be 
effectively controlled even from cultivated land by means of vege- 
tation in the channels and on the land immediately adjoining the 
reservoir. 

In the following discussion it will be assumed that seepage is 
largely eliminated by treating the reservoir site where practicble 
or by avoiding sites where treatment is not practicable. If seepaye is 
eliminated and adequate provisions are made to eliminate silting, 
the general expression of the relationships between the various 
factors entering into the design of small impounding reservoirs 
becomes 

RA u W 
——+P—-E-—=d+— 1) 
a a a 


While spillway storage may, under certain conditions, be a f. tor 
in abating floods, the primary consideration in a pond designe | to 
furnish required amounts of usable water on a farm or ranc!i is 
the dependability of the water supply. What constitutes a “dep nd- 
able supply” (or stated in other words, how often can the am unt 
of usable water or the depth of water in the reservoir be allowed 
to fall below the required minimum?) will depend on the pur ose 
of the reservoir and on economic value of water. In one lov lity 
a supply that will not fail more often than once in 25 years say 


ie 
Section A-& 
Fig. 1 Schematic sketch of a small excavated reservoir 
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constitute a dependable supply for a given purpose, whereas in 
another a failure of once in 10 or even 5 years may be tolerated. 

It is readily apparent that the problem involves the determina- 
tion of the amounts of rainfall, runoff, and evaporation that may be 
expected to be equalled or exceeded at various recurrence intervals 
in the future. This fact limits the accuracy with which other fac- 
tors need be determined. It does not, however, permit making as- 
sumptions which are unwarranted and in many cases unnecessary. 

In view of uncertainties involved in the determination of R, P, 
and £ for various recurrence intervals, it is not necessary to divide 
the total depth of a reservoir into increments for which the surface 
area is practically constant. If the mean surface area of a reservoir 
with reasonably uniform banks is properly determined, the error 
introduced by applying it to the entire depth will probably be con- 
sistent with the uncertainties mentioned. In an excavated reservoir, 
the mean surface area a for any depth of water d can be expressed 
thus 


aot (a+ bd+ ca’) 


2 
= aty (bd+ cd’) 


where d is the surface when d equals zero and 4 and ¢ are con- 
stants determined by the length and width of a and the side slopes 
of the reservoir. For a reservoir with dimensions shown in Fig. 1, 


ao—Im 
and the expression for the mean surface area would be 
a= lm+(mztlz)dt+ (227) 


For a small reservoir with /=50 ft, m=80 ft, d=10 ft, and z=2, 
this expression reduces to 


a= 4000+ 130X2X10+2 (20)?=7400 sq ft, or 0.17 acres. 


it can readily be seen from the above example that when z and 
d@ are large in relation to a the assumption of a constant surface 
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area throughout the depth of even an excavated reservoir is entirely 
unwarranted. Although the excavated reservoirs will, in most cases, 
prove hydrologically more efficient, by far the majority of reservoirs 
will be those created by dams across natural depressions or water- 
courses. The mean surface areas of such reservoirs can be ob- 
tained from the depth-area-volume curves of the reservoir or can 
be computed from the prismoidal formula 


(B+T+4M) 


6 


where B is the area at or near the bottom, T the area at spillway 
elevation, and M the area at middepth. Measurements of the three 
areas can be obtained with sufficient accuracy by running several 
lines of levels (hand level will suffice for small ponds) across the 
reservoir site and planimetering the areas within contour lines 
drawn through the proper elevations. 

Having made the several assumptions and realizing the limita- 
tions, we can now consider expression {1} in which a is the mean 
surface area determined as suggested above. 

In application of the relationship RA/a+P—E—u/a=dt+W/a 
in design, it is necessary first to determine expectancies of rainfall, 
runoff per unit area, and evaporation. This must be done on a 
seasonal rather than annual basis. In many localities only two 
seasons, winter and summer, may have to be considered, while .in 
others, such as the Blacklands of Texas, three seasons may have to 
be used. The number of seasons into which the year must be di- 
vided and the months to be included in each season are determined 
by the distribution of rainfall; by runoff, evaporation, transpiration, 
soil moisture; and by cover and tillage conditions. Furthermore, it 
is not sufficient to determine expectancies for each season; this 
must be done for critical periods consisting of two, three, and more 
consecutive seasons. The combination of rainfall, runoff, and eva- 
poration may be such that a failure would be indicated if values 
for three or more consecutive seasons are considered, but not for 
one or two seasons. 

Long-time records of runoff from small drainage areas are 
practically non-existent. It is therefore necessary to convert avail- 
able records of rainfall into runoff by means of conversion curves 
derived from short-time runoff and corresponding rainfall records. 

The foregoing discussion indicates that the determination of 
expectancies of rainfall, runoff, and evaporation is a job for the 
qualified hydrologist who has access to the necessary basic data and 
is capable of interpreting them properly. The engineer or farm 
planner, unless they be expert hydrologists as well, will have neither 
the time nor the facilities to handle this phase of the problem. 
They will, therefore, prefer to look to the hydrologists for this type 
of information for the locality in which the reservoir or reservoirs 
are to be planned. The engineer and farm planner should, how- 
ever, have an understanding of the principles involved if they are 
to utilize intelligently information made available to them in the 
form of charts or tables. With this in view, and keeping in mind 
the various assumptions and their limitations, the following rela- 
tionships implied in RA/at+P—E—xu/a = d+W/a are pointed out: 

1 When‘it is desired to prevent excessive waste over the spill- 
ways of small reservoirs, which is detrimental to the vegetative 
linings commonly used, the size of the drainage area should not 
exceed that required to fill the reservoir within a reasonable time of 
completion and to produce a sufficient water supply during critical 
periods. 

2 For a given mean surface area of reservoir, greater depth will 
provide more storage and less water will be wasted over the spill- 
way. When runoff and rainfall are less than evaporation losses 
plus water utilized during a given period, there will be no waste 
and during droughts the storage in a deep reservoir will supply 
water for longer periods than a shallower reservoir. 


3 Evaporation expressed in feet is independent of the area and 
depth in small, relatively shallow reservoirs. 
4 The increase in depth of water due to a given amount of 


precipitation falling on the reservoir is independent of the mean 
surface area or depth of the reservoir. 


5 The increase in depth of water due to a given amount of run- 
off varies inversely with the area of the reservoir; the greater the 


area, the smaller the increase in depth produced by a given amount 
of runoff. 
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au pectancies of rainfall, runoff, and evapora. 
tion do not vary widely. Such curves for 
the Blacklands of Texas, based on rainfall, 
Ne runoff, and other hydrologic data obtained 


by the Soil Conservation Service, were in- 
cluded in a recent technical publication of 
the Service, entitled ‘Preliminary Report 


on Watershed Studies near Waco anc Gar. 
30 land, Texas,’ SCS-TP-53 (processed), by 
L. L. Harrold, D. B. Krimgold, and |.. A. 
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Westby. 
non 26 Figs. 2 and 3, adapted from this pub. 
ris lication, will illustrate the type of infor. 
TTT TTT +}. — mation that can be made available. Fig. 2 
en er ieee 
atti i itiiit|.s shows the division of the Blacklands into 
H+ +tt+tittt = southern and northern sections which in 
rh | h++-+4-4+-+420 5 this case was governed largely by rainfall 
t T | T Co | | 2 and runoff expectancies. 

— rT tHt+ttt § Fig. 3 is one of two sets of design 
ae Tor 6 curves for small excavated reservoirs in the 
1 | TI Coo a Blacklands of Texas included in the pub- 
SEES: CoCr lication, which also contains examplcs il- 
+4444 lustrating the use of such curves in design 

1 


and the use of amounts of evaporation, 
rainfall, and runoff (determined for the 


1ON 
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Fig. 3 Minimum drainage area required for a dependable water supply of 0.5 acre-foot per 


year in the Blacklands of Texas 


6 The decrease in depth due to a given use will vary inversely 
with the surface area of the reservoir. 

7 To provide a dependable supply in a small reservoir, the 
depth of usable water can at no time be less than the difference 
between the total demand and the total supply during the critical 
period. This condition can be expressed as follows: 


u RA 
aS (E+—)—( 
a a 


+P) {2} 


8 For critical periods when no runoff can be expected, the 
minimum allowable mean surface area of a reservoir with a given 
depth is expressed as follows: 


u 


a 
Vil 


Seca [3] 
P+d—-E 

9 The minimum drainage area required to fill a reservoir with 

a given depth d and a corresponding mean surface area a within a 

reasonable time after completion (1 or 2 years) is expressed as 
follows: 

ae 

A=(d—P+E+—) — 

a R 


where P, E, and R are amounts for the reasonable period (1 or 2 
years) that can be expected to be equalled or exceeded 50 or 75 
per cent of the time. 

10 The minimum drainage area required to maintain a depend- 
able supply in a reservoir with a depth d and a corresponding 
mean surface area a after the reservoir was once filled is expressed 
as follows: 


[4] 


u a 
A=(E+——P-d) — 
a R 


With these relationships, curves or tables can be prepared for a 
given hydrologic region showing the minimum drainage areas need- 
ed to fill and maintain required supplies of water in reservoirs 
with various depths and corresponding mean surface areas. For the 
purpose of this paper a hydrologic region is one within which ex- 


[5] 


, proper expectancies) in the solution of 
en cases not covered by the design curves. 

+++-++-4 6 With the records of runoff from small 

t TH drainage areas and other data obtained by 

[\* the Soil Conservation Service within the 

im 2 last decade, information similar to that 

+ prepared for the Blacklands of Texas is 

“ae aa ie a7 being developed for other hydrologic re- 


gions. The curves and information cited 
are by no means the complete solution of 


even the hydrologic phases of the problem. 
Much can and should be done to utilize available data more fully 


and to develop improved methods of analysis whereby the informa- 
tion made available for design will be subject to fewer assumptions 
and will cover adequately additional phases of the problem, such 
as the question of spillway storage, which has important economic 
implications. Two technical publications containing information on 
the hydrologic design of small reservoirs are now being prepared by 
the Soil Conservation Service. These reports will embody improve- 
ments in analysis and procedure being made as the work progresses. 

Other phases of the problem, such as disposal of excess water 
and of silt reaching the reservoir, adequate methods of mosquito 
control on small reservoirs, and proper methods of construction, 
must be given ample thought and consideration. 

The small impounding reservoir on the ranch and the farm has 
an important place in a well-rounded, sound agricultural program. 
It merits all the attention and thought the hydrologist, engineer, 
and farm planner can give it. 


Farming Efficiency 
(Continued from page 371) 


neers possessed with the diabolical urge to drain every marsh and 
pond, and to ditch every swale, to get better acquainted with 
biologists and wild life specialists. It might help to curb certain 
other fetishes and fads. Take for example the extremists on ‘and 
utilization and cranks on mechanical efficiency who would ¢!imi- 
nate every patch of shrub and wood and utilize every fence 
row. This has gone on apparently without any thought about the 
effects on bird life, or on insects that serve as pollinators, or on wind 
and water erosion and so on. Efficiency in agriculture will not be 
enhanced by ruthless use of horsepower and steel. 


Obviously I am not offering a prescription for bigger dividends 
to farmers, but I do hope I have emphasized some of the symp‘oms 
and pointed out some of the causes why the effects of modern ma- 
chinery and advanced practices have not shown up more favorably 
in the farm ledger. I believe that the profession of agricultural 
engineering is the logical agency for correcting some of the con- 
ditions mentioned and particularly for correlating the attack on 
them by our allies in other phases of agriculture. 
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Trends in Structures for Hay and Bedding Storage 
By S. A. Witzel 


work investigating and improving what is coming to be 

known as “forage”, an old term with a new meaning. 
Through work and sweat and use the engineer has given it not 
only new meaning and new values, but its challenge will lead him 
tirelessly on until he becomes its master. Some progress has been 
made and the fruits of engineering have already been sampled by 
enough American farmers so that the demand for equipment, struc- 
tures. and aid in planning for their use has been spontaneous and 
unrelenting. 

In attempting to approach the subject as indicated by the title 
of this paper, the author found himself in a field that could not be 
easily divided. The difficulty was that it had more acres than the 
blueprint called for. Therefore, following the engineer's prescribed 
practice for highest efficiency, we will simply throw in our disk, 
put sced and fertilizer in the drill, adjust the harrow, and, starting 
around the outside, keep going until we wind up in the center. It 
is hoped that this won’t detract from the benefits nor reduce the 
yield. 

The harvesting and storage of bedding and forage is the field, 
and it all belongs together as a unit if we are to study trends. Is 
not the starting point of forage the plant, and is not the end point 
of forage the animal? Technology is leading the way for better 
plants and more of them. Technology is leading the way in the 
improvement of dairy animals and their efficiency in production. 
When the efficient green plant is grazed by the efficient dairy ani- 
mal at the proper season, production and milk quality reach a new 
high with the cost of production at rock bottom. Forage in its 
prime doesn’t last all summer and a forage crop at its prime will 
outproduce the capacity of the animals to eat it. The surplus is a 
reserve for the time when the forage plant growing season has ended. 

The limits of our field now can be distinctly seen. It covers the 
harvesting and storage of all forage, but let us inspect it more care- 
fully. If I can read the signs correctly, engineers with the aid of 
their fellow technologists have taken upon themselves the task of 
providing ‘‘prime forage’’ for efficient, comfortably housed animals 
in all seasons; prime forage without loss of. nutrient, vitamin or 
palatability; prime forage which insures the maximum production 
from the land; prime forage and more prime forage for profit, con- 
servation and a sound future for agriculture. 

Bedding is an important and very essential requirement of the 
livestock farm. For sanitation, animal comfort and soil-building 
properties it is just as much a part of the livestock farm as the 
livestock itself. However, it is an appendage to our subject of 
forage, so its inclusion is mainly for convenience and expediency, 
since machinery and storage for forage will have their effect on it. 


A GRICULTURAL engineers throughout the country are at 


This paper was presented at the annual meeting of the American 
Society of Agricultural Engineers at Milwaukee, Wis., June, 1944, as a 
contribution of the Farm Structures Division. 


S. A. WiTzeL is associate professor of agricultural engineering, Uni- 
versity of Wisconsin. 


THESE TWO VIEWS SHOW STEPS IN THE EVOLUTION OF HAY STORAGE. 
A hay carrier is used in this shed type structure to save hand labor in 


boned ) The roofs can be raised or lowered to provide protection from the 
ather, 


The hay is moved by hand from wagon to stack e (Right) 


MEMBER A.S.A.E. 


Fundamental Methods. One has only to read the more recent 
files of AGRICULTURAL ENGINEERING to appraise the rapid and 
broad development being made in the study of forage —the ma- 
chines, the processes, and the storage structures that have been de- 
veloped all with the aim of producing prime forage. Various 
methods have been developed, and while there is no one best 
method, there will be a best combination of methods for every farm. 
While new methods may be developed by present and pending re- 
search, the encouraging fact is that a number of methods are being 
perfected in competition with each other, tending to force the fullest 
possible development of each quickly and efficiently. 

The fundamental methods of forage production, after it has 
been grown, may be listed as follows: 

1 Loose forage, field cured 
Loose forage, barn cured 
Chopped forage, field cured 
Chopped forage, barn cured 
Baled forage, field cured 
Forage ensiling 
Artificially dried forage 
Bedding (straw, shredded or chopped corn stalks, etc., but 
not forage, strictly speaking). 

Some of these methods are now known to be more effective 
than others in the production of prime forage for year-round use. 
Others are promising, but need further development. The search 
for still other new methods needs to be relentlessly pursued. In 
like manner, if judged by labor and power standards, some methods 
are far superior to others. Machines recently perfected need only 
to be made available to the farmer for their wide acceptance. 

Equipment and Machinery. Trends in structures for the storage 
of forage have in the past been largely limited by the requirements 
of loose hay storage. Trends in the future design of storage struc- 
tures will be in large part influenced by the requirements of prime 
forage production, equipment, machinery available and in the labor 
savings made possible by adjustments in design. Economy in de- 
sign will have to reckon with capitalized labor costs in addition to 
the usual annual building cost charges. 

The new machines in the forage harvesting field include among 
others: : 

1 The forage harvester for dry forage, green forage and bed- 
ding. This machine cuts or picks up, chops and loads any forage 
crop when equipped with the proper attachments. 

2 Forage blower or elevator for use in conjunction with the 
forage harvester for placing the forage in silo or barn. 

3 The field hay baler for baling dry, field-cured forage. It picks 
up the dry forage and bales and loads the bales on a trailing wagon. 

4 Baled-hay elevator for placing the bales in storage. 

5 Molasses pump and miscellaneous equipment for applying 
the preservative to grass silage. 
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storing the hay crop 
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6 Blower and duct system for curing chopped or loose forage 
in the mow with natural air. 

7 Artificial driers widely used for the production of highly 
nutritious protein roughages for mixed feeds. 

8 The mechanical buck rake. 


While these machines are not now available in large numbers, 
some are being produced. Farmers are building their own and 
custom work is being done so all farmers are becoming acquainted 
with the machines and the forage their methods produce. Farmers 
are also producing all types of forage with their existing equip- 
ment for the purpose of producing better roughage and in an 
effort to save labor. 


Storage Structures. One might almost state that storage struc- 
tures are frozen for the duration. It is even difficult to adjust 
existing structures, although a limited number were constructed 
before wartime building became next to impossible. Experiences 
with these structures and experiences with conventional storages 
provide a background for design. Research is urgently needed to 
fill in the gaps and to test and improve further what has already 
been done. 

Trends and recent developments which have taken place in 
storage structures include: 

1 Fireproof, insulated hay loft floors 

2 Fireproof and firesafe dairy barn construction 

3 One-story barns with separate ground-level storage for dry 
forage and provisions for moving feed horizontally on large 
rubber-tired carts 
Grass silage silos 
Ventilated storage units and ventilated bins 
Baled-hay storages 
Glued, laminated rafter for hay loft construction 
Insulated and ventilated barns for ideal temperature and 
humidity control to insure greatest possible benefits from 
“prime forage” 

9 Development of pen barn for animal comfort and again for 
greatest possible benefits from prime forage 

10 Arrangement, equipment, and design for the production of 
higher quality milk. 


CHAM & 


(Left) This shows one of the first ventilated hay storage bins 


(Left) The one and one-half story barn and silos on the Kath farm at Reeseville, Wis. 
structures on the Jefferson County (Wis.) Farm 


e Hay is stored (for cattle) 


in circular, ventilated 


Combinations of Methods. Due to the need for variety to se- 
cure maximum consumption of forage, various combinations of dry 
forage, corn silage and grass silage can be used. Perhaps the ideal 
combination is that fed by Schroeders near West Bend, Wisconsin, 
where approximately one-third of the dry matter is fed as corn 
silage, another third as grass silage and the remaining third as 
field-cured dry hay. 

Farmers using the following methods of curing and storing 
forage are enthusiastic about their results: 

1 Schroeders at West Bend. Sell bottled milk. Feed grass si- 
lage, corn silage and field-cured long hay. They have 3 silos and 
a large hay loft barn with a one-story extension. 

2 Kohlers at Kohler. Sell whole milk. Put up long chopped 
alfalfa in 3-ft ventilated bins and get bright green forage through 
natural ventilation. 

3 Edward Kummrow, Oconomowoc. Built one of first venti- 
lated hay storage bins for long hay and straw. Started using chopped 
hay 4 years ago. Began using field baler to save labor last year 
because a field chopper was not available. Has five rubber-tired 
wagons and baled-hay elevator. He will put up 75 acres of alfalfa 
this year. Grass silage with ground corn and cob meal preservative 
are a part of his forage program. 

4 Larry Henning, Oconomowoc. Chopped and ground corn 
silage, field-baled alfalfa, and is equipped for chopped grass silage. 
Has drive-in barn loft with insulated, fireproof floor. 

5 Edward Kath and Son of Reeseville have a forage harvester 
on order, although they will use their silo filler if necessary to fill 
a silo with grass silage and fill their barn. They have 75 acres of 
heavy tame hay to put up and they save feeding time with chopped 
hay. They want another silo. The one and a half story addition to 
their barn was planned on a functional basis. 

6 Charmany Farms at Madison have a fireproof barn constructed 
after a large barn fire. Here only corn and grass silage have heen 
fed for a number of years. The farm manager still wishes he had 
a hay barn for bedding storage. High-quality milk is produced 
and sold through a Madison dairy. 

7 W. W. Evans farm near Fall River. Here the dairy he:d is 
separated from the young stock and dry (Continued on page 178) 


built by Edward Kummrow of Oconomowoc e (Right) Hay is stored loose for 
horses in this barn on the Jefferson County Farm 
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type with a top opening and the “reach-in” type with a side 
opening. Each of these types claims certain distinct advan- 
tages over the other, but both offer the same objective, that of 
freezing and storing foods at low temperatures. 

This discussion deals primarily with a well-type experimental 
unit consisting of a 5-cu ft freezing and a 10-cu ft storage compart- 
ment, with a total capacity of 15 cuft. The evaporating coil makes 
contact first with the four walls and bottom of the freezing com- 
partment and then the four walls and bottom of the storage com- 
partment. The complete unit was powered with a 1/3-hp motor. 

Freezer Plate and Air Temperatures. The operation of a domes- 
tic freezer is automatically controlled by a thermostat with a sensi- 
tive bulb located either in the storage or freezer compartment. If 
the freezing is done on the plate, packaged food is generally frozen 
without air motion by being placed on the bottom of the freezing 
compartment. The “bottom’’ of the freezer compartment is con- 
sidered here as the ‘‘freezer plate.’ In its automatic operation 
there is an “‘off” and ‘“‘on’’ phase in each cycle which permit varia- 
tions in the temperature of the freezer plate and consequently of 
the air in the freezer and storage compartments. 

To utilize the freezing and storage spaces efficiently, it is de- 
sirable to design the compartments so that there is a minimum of 
temperature difference in both horizontal and vertical directions, 
in order to maintain frozen packages at a very nearly constant 
temperature. 

In order to demonstrate temperature variations on the vertical 
geometric center of the freezer compartment, air temperatures were 
taken at three 5-in intervals measured from the surface of the plate. 
Fig. 1 shows the plate and three air temperatures taken during two 
complete cycles. Curve 11 shows the plate temperatures, while 
curves 12, 13, and 14 show air temperatures at distances of 15, 10, 
and 5in above the plate. Thermocouple readings were recorded 
every minute. The maximum temperature attained by the air was 
approximately —2.6 F, while that of the plate was —3.8F. The 
lowest temperatures of these two points were —11.8 and —9.1F 
respectively. Neither the ‘on’ phases nor the “off” phases of the 
cycles were of equal duration. A short ‘‘on’’ interval provides a 
slightly higher temperature than a longer one, and similarly a 
long “off” interval permits a higher air and plate temperature than 
a short one, as is illustrated in Fig. 1. 

Orienting the Zone of Zero Degrees. Since the depth of the 
freezer cabinet was 24 in and Fig. 1 shows that the air temperature 
9 in below the lid attained a maximum of 3.6 F below zero at the 
“on” part of the cycle, an attempt was made to determine the loca- 
tion of the zone of average zero degrees. A point 2 in below the 
lid was chosen as the next position. Fig. 2 therefore illustrates the 


Tx TWO general types of domestic freezers are the “well” 
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1 Temperature variations in plate and three levels of air in a 


temperature of the air 2in below the lid as shown by thermo- 
couple 12, while thermocouple 11 shows the plate temperature 
during 114 cycles. It will be observed that the average air tem- 
perature 2 in below the lid was slightly below +10 F, a maximum 
of +11.4 F being attained when the corresponding maximum plate 
temperature was —2.85 F. The minimum plate and air tempera- 
tures at the end of an operating cycle were —12.8 and +7.9F 
respectively. The slight lag of air temperature variations indicate 
that maximum and minimum values are attained a few minutes 
later than corresponding plate temperatures. In this test the maxi- 
mum difference between the plate and the air temperatures 2 in 
below the lid was found to be 14.3 F at the beginning and 20.7 F 
at the end of the operating cycle. 


The Zero Degree Zone. To attain the average zero degree zone, 
the third attempt shows the results in Fig. 3 when the four points 
measured in the freezing compartment were located 16, 18, and 
20 in above the plate. Thermocouple 11 measured the plate tem- 
perature and thermocouple 12, now located 4 in below the lid and 
thermocouples 13 and 14 at points 2 in lower, measured air tem- 
peratures. There are two and one-half complete cycles. Fig. 3 
illustrates again that under thermostatic control no two cycles in 
sequence were of equal duration. Temperature recorded by thermo- 
couple 12 was now at an average value of zero degrees, varying 
between a maximum of +2.6F and a minimum of —2.6F, re- 
sulting in the average of zero degrees in that zone. Assuming that 
a maximum average temperature of zero degrees is needed, this in- 
dicates that if food were stored in the freezer compartment it could 
be safely and satisfactorily stored to within 4 in of the lid. 


Freezing of Poultry Meat. To furnish some reasonable guidance 
on the correct method of loading the freezer plate, an attempt was 
also made to illustrate graphically what “should not’’ be done. 
Fig. 4 illustrates the time required to freeze cartons of cut-up, 
packaged poultry. (All the packages of poultry meat used in these 
experiments were supplied and prepared for freezing by Professor 
P. H. Margolf of the department of poultry husbandry.) Each 
package measured 214x6x7)4 in. The carton was made of a thick, 
moistureproof paper with a top opening. A piece of cellophane 
placed on the top of the filled carton sealed the opening and made 
an exceedingly attractive frozen package of poultry meat. The 
upper right-hand corner of Fig. 4 shows packages A, B, and C 
piled on top of each other. Package E is placed adjacent to these. 
Numbers 11, 12, and 13 indicate the approximate locations of 
the thermocouples within the center of packages A, B, and C, 
respectively, while thermocouple 14 is placed in package E. The 
average weight per package was 3.68lb. The figure shows the 
time required to freeze these four packages. Curve 14 indicates 
that package E required nearly 2hr to precool for freezing and 
6hr to pass through the zone of crystal formation, attaining a 
temperature of zero degrees in about 10 hr and 40 min. The bot- 
tom package (A) attained a temperature of thirty degrees in about 
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Fig. 3 Temperature variation in plate and three points of air located 
at 16, 18, and 20in on the geometric vertical center line in the 
freezer compartment 


five hours freezing without a definite zone of crystal formation, 
and zero degrees in about 22 hr, while B and C remained above 
freezing temperature for over 14 hr, attaining zero degress in 2514 
and 27 hr, respectively. Subsequent experimental evidence showed 
that the same number of packages with a similar load have attained 
the same rate of freezing as package E when these were not piled, 
but placed separately on the freezer plate, thus the purpose of 
rapid freezing is nullified with improper placing of packages. 


SUMMARY 

1 This paper reports some of the experimental evidence re- 
sulting from a study of domestic type freezers. 

2 It has been found that the cycles of operation are not uniform 
and the temperature of the air within the freezing compartment 
follows that of the plate. 

3 Maximum and minimum plate and air temperatures attained 
during a cycle depend upon the length of the cycle. 

4 Maximum variation between plate and air temperatures 2 in 
below the lid in this type of freezer studied was found to be 
between 14.25 and 20.7 F. 

5 The zone of zero degrees average value is at a point approxi- 
mately 20 in above the plate or 4 in below the lid in a freezing 
compartment having 24-in depth. 

6 When freezing is carried out with improper placing of pack- 
ages, as, for example, piling them on top of each other, fast freez- 
ing is impossible. 


Trends in Structures 
(Continued from page 376) 


cows. The forage fed is silage, both corn and grass with preserva- 
tive, and dry chopped hay stored in a ventilated hay storage struc- 
ture. The young stock and dry cows get dry hay and silage. They 
are separated for sanitary reasons and for a greater degree of safety 
from the income-producing dairy cows in case of fire. 

8 The Jefferson County Farm cow barn. Houses nothing but 
dairy cows. Hay is stored in circular, ventilated storage structures, 
chopped and baled. 

The Jefferson County Farm horse barn. Hay is stored loose for 


(Left) This view shows the silos and ventilated structure for chopped dry hay on the Evans farm near Fall River, Wis. (Right) The buildi igs 
on the Larry Henning farm near Oconomowoc, Wis. 
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Fig. 4 The rate of freezing of poultry meat on the freezer plate » hen 
improperly spaced during freezing 


horses to get away from danger of dust. Horses can utilize a more 
mature forage and there is no difficulty in field drying this foiige 
with low moisture content at the time of cutting. 

, 9 Dane County Farm dairy barn. This one-story masonry b.rn 
now under construction for 70 cows and young calves will supply 
the asylum and home for the aged with dairy products. It will 
have a silo for grass silage, a silo for corn silage and 50 ft to the 
rear, but parallel with the main barn a hay barn is being con- 
structed. This hay barn 36x140 ft has 12-ft vertical sides and gluec 
rafters. Storage is designed for any method of forage producti 
they may care to use. 

10 Mow drier at Wisconsin Dairy Research Barn. Chopped dr 
field-cured hay stored in a ventilated structure; baled, field-cura 
hay; grass silage; corn silage; and now chopped hay, mow cure 
will all be in use this season. A forage harvester is being used. : 
pilot bin of cured chopped hay indicates promising results. 

Forage in the Future. Engineers are on the job leading the wa 
to the production of more prime forage. Their cooperative coi 
leagues in plant science, biochemistry, animal breeding and other 
sciences are doing their part. Structures, machinery and equipment 
are being perfected. All at once there comes a realization that our 
old barn plans are obsolete while new designs are not available. 
Rural builders continue to build hay loft barns. New methods are 
not standardized and plans are not available. Nor will new designs 
be simple to prepare because of the many methods of forage pro- 
duction now available until standardization can be brought about. 


Farmers are ready to go all out on change of forage production 
methods as soon as they can. How are they going to build that 
new barn now or in 1946 or 1948? Are we ready for the task and 
responsibility that is ours? If we don’t have the answer, how many 
mistakes will be made? The response is that we do have some of 
the answers now; we are learning more almost daily, and our ¢e- 
search is going as far and as fast as possible. Anything that can 
be done to secure support and help for the research, development, 
and design job ahead should be done promptly and vigorously. ‘Ihe 
trends to improved methods and improved forage are firmly «s- 
tablished. Farmers will accept prime forage as fast as they can he 
shown how and equipped to produce it. They want more pri ne 
forage because it can provide more net profit with less hard labo 
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the most acceptable method of harvesting. Rice was first 
combined in Arkansas in 1929 and some additional work was 
done in 1930 and 1931. The results of this work were published 
in USDA Circular No. 292, entitled, “Artificial Drying of Rice on 
the farm’. The results published have been used as a basis for all 
work in artificial drying of combined rice since that time. 

The past few years have established this method of harvesting 
rice, but its expansion is being retarded at the present time by 
priority restrictions of the War Production Board. Even so, the 
commercial driers are increasing rapidly in numbers in all four 
prin. ipal rice-growing states, namely, California, Texas, Louisiana, 
and Arkansas. California reports over 60, Texas more than 20, 
Lousiana slightly less than 20, and Arkansas only 1. However, at 
the present time the Cooperative Rice Mill of Stuttgart, Ark., is 
building a completely modern monolithic concrete drier and storage 
unit. This drier is to be equipped with two stands of the largest 
Berio drier. It will be ready for use for the 1944 rice crop and 
wil! dry the rice for ten to fifteen of the Grand Prairie rice farmers. 

in 1942 experimental work on artificial drying of combined 
rice was inaugurated in Arkansas at the Rice Branch Experiment 
Station under the supervision of E. L. Barger and other members 
of the agricultural engineering department of the University of 
Arkonsas. An experimental farm unit drier (reported by Barger, 
Engler, and Thompson in AGRICULTURAL ENGINEERING for July, 
1943) was successfully used in the 1942 and 1943 rice harvest. In 
1942, 700 bu and in 1943, 6,000 bu of rice were dried by the ex- 
perimental drier. In both years the drier proved entirely satisfactory 
and produced an excellent finished product with a controlled mois- 
ture content of from 13 to 15 per cent in the dried rice. Rice dried 
in this drier was sold to local rice mills at Stuttgart and DeWitt, 
Ark., and companion lots of binder-threshed rice were sold to the 
same millers when possible. 

Without doubt the satisfactory work of this drier, together with 
the adoption of the combine and drier in Louisiana and Texas, has 
convinced the Arkansas rice farmer that he also can successfully 
combine and artificially dry his rice. 

Advantages of Combining and Artificially Drying. Available 
information indicates that by the combine method of harvesting 
tice, five men will comprise the crew: two combines with two 
tractor-combine operators, one utility man, one truck driver, and 
the drier operator. This five-man harvesting crew would handle 
20 acres of 50-bu rice, or 1,000 bu per day. This is a labor input 
of 5 man-hours to combine and dry 100 bu. This estimate is based 
on the assumption that the Arkansas rice farmer will use his 
present 5 or 6-ft pull-type com- 
bine. “The Rice Journal” for 
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Artificial Drying of Combined Rice 


By Kyle Engler and Xzin McNeal 


The farm unit rice drier developed by agricultural engineers at the 
Arkansas Agricultural 
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According to unpublished data by O. T. Osgood, University of 
Arkansas, on labor requirements in rice production, two men oper- 
ating an 8-ft binder and four shockers will cut and shock slightly 
over 16 acres per day. The threshing crew is comprised of 12 men 
and 6 teams. This threshing crew will usually handle from 1,200 
to 1,500 bu of rice per day depending upon yields and weather 
conditions. This is a labor input for the binder-thresher method 
of 16 man-hours of labor to cut and thresh 100-bu of rice, as com- 
pared with 5 man-hours of labor to combine and artificially dry 
100 bu of rice. 

The extreme labor shortage of the present time will undoubted- 
ly influence many rice farmers to change from the present binder- 
thresher method of harvesting rice to the labor-saving method of 
combining and artificially drying. 

The market value of a lot of rice is primarily determined by 
the percentage of the whole-grain rice that can be obtained from 
it. The hardness of rough rice (its resistance to breakage in mill- 
ing) is commonly referred to as “milling quality.”” Therefore, the 
milling quality determines to a large extent the market value of 
rough rice. When damp or wet rice is milled, a larger percentage 
of the rice kernels break and thus reduce the yield of head rice. 
The milling quality of rough rice ordinarily increases with a de- 
crease in moisture content until the moisture content has been re- 
duced to between 12 and 14 per cent. The moisture content can 
be controlled by artificial drying. All lots of dried rice, except one, 
showed improved milling quality over companion binder-threshed 
lots. Improvement ranged from 4.1 to 5.2 per cent increase in value 
of the milled product. Reports from the Louisiana federal-state 
rice grading laboratory indicated that artificial drying increased the 
total milling yield of rice by approximately 10 per cent. It might 
be pointed out that the lot of combined Arkrose, which showed a 
decrease in milling quality, was a small lot, thereby making accu- 
rate milling yield determination difficult. Also, this field of rice 
had badly lodged before harvest and it did not mature as completely 
as the binder-thresher harvested lot. 

To obtain maximum milling quality, it is desirable that rice be 
harvested either by the binder or the combine when the kernel has 
a moisture content between 20 and 26 per cent. Experience has 
shown that during the ripening period the standing grain will lose 
about 1 per cent moisture per day. Rice that is allowed to ripen 
much below 20 per cent moisture content is likely to become sun- 
checked, thereby reducing milling quality. During wet harvest sea- 
sons it is often impossible to operate a binder due to water stand- 
ing in the field. However, the combine has been successfully 
operated in rice fields covered with water to a depth of 1 ft. 


The percentage of grain loss in combining should be kept be- 
low 3 per cent while binder-thresher losses usually range above 5 
per cent. Losses experienced by the binder-thresher method and not 
encountered in combining and drying are blackbird damage to the 
cap bundle of the shock, rodent damage in the shock, and shatter- 
ing due to bundle handling in shocking and hauling to the thresher. 
Weather damage is greater during a warm wet harvest season when 
the interior of the shock does not have an opportunity to dry, 
which may result in sprouting, molding, and discoloration of the 
kernel. Hot dry weather may 
result in overdrying and conse- 
quent checking. 

Combining and artificial dry- 
ing insures that a certain por- 
tion of the rice crop is safely 
stored away each night from 
weather hazards, birds, and other 
possible losses. Rice is unusual 
in that combining and binding 
should be started at the same 
time and completed in the same 
period of time. When rice is 
allowed to stand until dry 
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enough for safe storage, excessive checking occurs and thereby re- 
duced milling quality is encountered. 
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VALUE, AND GERMINATION, BY VARIETIES, RICE BRANCH EXPERIMENT STATION, 1943 
Air temperature 


by runs, bu per hr 


Rate through drier 
*Determined by Smith shelling device 
+Ceiling price on November 30, 1943 


TABLE 1. COST PER BUSHEL OF REDUCING MOISTURE CONTENT OF RICE USING A MECHANICAL DRIER, AND THE EFFECT OF DRYING ON MILLING QUALITY, 
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Experimental Results for 1943. The experimental drier was 
operated a total of 306 hr from September 5 to October 11, 1943, 
or 35 per cent of the total time during this period. Four of the 
more common rice varieties used in Arkansas were combined and 
dried as follows: 1,220 bu of Zenith, 2,660 bu of Arkansas Fortuna, 
650 bu of Arkrose, and 1,450 bu of Nira. An average of 7.2 per 
cent moisture was removed from the rice by the drier. The wettest 
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grain contained 23 per cent moisture when combined, and the driest 
grain contained 16.5 per cent. In the former case, the rice was 
run through the drier four times, and in the latter case one time. 
The moisture content at combining was lower than desirable and 
probably resulted in slightly decreased milling yield. The 1943 
harvest season was unusually dry and hot, which caused the rice to 
ripen rapidly. Dry-bulb temperatures of the drying air were v :ried 
from 115 to 140 F. The average cost of reducing the moisture of 
Arkansas Fortuna was 1.00c¢ per bu. It cost 1.37¢ perbu t» re. 
duce the moisture content of Arkrose 8.1 per cent and 1.11 ¢ per 
bu to reduce the moisture content of Nira 7.7 per cent. These costs 
included fuel and electricity only; no labor or overhead costs were 
included. Artificial drying had no effect on germination. 

Table 1 shows the detailed results of the 1943 work. This 
table includes the rate at which the rice was put through the crier, 
temperature of the drying air, moisture content of the rice, cos: of 
drying, effect on milling quality, value per bushel at ceiling price, 
and germination percentage of dried rice. In addition, the follow- 
ing actual milling yields were given by the commercial mills of 
Stuttgart and DeWitt: The combined-dried Arkansas Fortuna was 
undermilled and produced 92.5 lb of head rice and 116 lb of ‘otal 
rice per barrel (one barrel for 162 lb of rough rice). The com- 
panion lot of Arkansas Fortuna, also undermilled, was grown under 
similar conditions and when harvested with a binder at the sime 
time, milled 87.3 lb of head rice and 113.5 lb of total rice per 
barrel. Using November 30, 1943, ceiling price, the combine rice 
was valued at 8c per bu (45 1b) more than the binder-threshed 
harvested lot. 

The combined Zenith produced 80.2 lb of head rice and 111.7 
Ib of total rice per barrel. The companion lot of binder-threshed 
harvested Zenith milled 78.6 lb of head rice and 105.2 lb total rice 
per barrel. The combined and dried rice was valued at 8c per bu 
more than the threshed lot. The combined Nira milled 83.25 Ib of 
head rice and 120.5 Ib of total rice per barrel. No companion lot 
of binder-threshed rice was available for check. Using ceiling price 
of November 30, 1943, this rice was valued at $2.18 per bu. 

The experimental results of Table 1 were obtained from sam- 
ples taken-from the various lots of artificially dried rice. Actual 
milling yields from the commercial mills are not shown. The Smith 
shelling device was used to determine milling quality. Moisture 
determinations were made with the Tag Heppenstall moisture tester. 
The first figure in the lot number indicates the field, the letter in- 
dicates the day combined, and the last figure indicates the number 
of trips through the drier necessary for drying. 

Air temperatures were varied from 115 to 140 F. The drying 
rate was varied from 50 to 90 bu perhr. The milling quality in 
all cases was satisfactory, except lot 6C2. This was a long-grain 
variety on which a drying temperature of 140 F was used the first 
trip through the drier and 130 F the second, reducing the moisture 
content 6.8 per cent. This indicates that a drying air temperature 
of 140 F and a drying rate of nearly 4 per cent moisture removed 
is probably too high for satisfactorily drying long-grain varic‘ies. 
Experimental work is still needed to determine the relationship of 
milling quality to drying temperatures, drying rates, moisture con- 
tent, and other factors. The commercial practice at present i: to 
use drying air temperatures of 110 F or below, and the remova! of 
2.5 to 3 per cent moisture per trip through the drier on | ng- 
grain varieties. 

The experimental results indicated that commercial praciices 
are well within the safe drying ranges and also that higher drying 
temperatures and increased drying rates will prove satisfactor\ 

In an attempt to determine the maximum temperature alloy able 
in storing rice, one lot was left in the tempering bin 48 hr and 
reached 117 F before running through the drier the second ‘ me. 
It was wet to the touch and had a definite fermented odor. The 
odor practically disappeared and the temperature was reduccj to 
100 F by the second drying. The third drying removed all cbjec- 
tionable odors and the excessive temperature. Two other lots were 
left in the tempering bins 36 hr after the first drying and res hed 
110 F. They also had a fermented odor which was removed bv the 
second drying in each case. There was no evidence of perm nent 
injury to the rice by any storage conditions encountered. Rice ‘ried 
more readily when it was stored and permitted to heat slichtly. 
However, it has not been determined how high the temperatur: may 
go or the duration of abnormal temperatures before milling quality 
is reduced or germination is destroyed. 
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A Study of the Centrifuge Moisture Equivalent as an Index of the 
Hydraulic Permeability of Saturated Soils 


(A PROGRESS REPORT) 
By Harry B. Roe and Joseph K. Park 


FELLOW A.S.A.E. 
HE movement of water through both saturated and unsatur- 
ated soils is a prime consideration in both irrigation and 
drainage. The rate of movement is dependent upon the hy- 

draulic gradient, 4,/L*, and upon the coefficient of hydraulic per- 

meability, &,', for, by Darcy’s Law of fluid flow through porous 
media, 
v = kb, /L {1] 

In view of the fact that, in both irrigation and drainage, we are 

primarily concerned with vertical, downward flow, the assumption 

that the hydraulic gradient, 4,/L, equals unity introduces into 
practical problems no serious percentage of error. Determination of 
the coefficient of hydraulic permeability, however, presents serious 
practical difficulties. Numerical values of this coefficient are thus 
far .vailable for only a negligible number among thousands of soils 
of differing character. Equipment and knowledge of procedures for 
making such determinations exist at relatively few places. Further- 
more the determinations often take considerable time. For example, 
with one of the soils handled in this investigation, the determina- 
tion of &, was not completed at the end of 3 weeks, and in several 
other instances the time required was from a day or two to a week. 

The general problem is still further complicated by the fact that &, 

for capillary flow in any unsaturated soil is apt to differ greatly in 

magnitude from that in the same soil when saturated. This study 
is limited to saturated soils. 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 
Paper No. 2166, Scientific Journal Series, Minnesota Agricultural Ex- 
periment Station. 

HarrkY B. RoE and JOSEPH K. PARK are, respectively, professor and 
instructor of agricultural engineering, University of Minnesota. 


“Hydraulic gradient, h,/L, is the ratio of the effective head to the 
length of soil column and is therefore a pure number. 

+Coefficient of hydraulic permeability, k,, is defined by Meinzer as 
“the rate of discharge of water through a unit cross section of the 
rock (or soil) at right angles to the direction of flow if the hydraulic 
gradient is unity.’’ This definition makes it clear that k. is a velocity. 
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Fig. 1 Diagrammatic sketch, in elevation, of the permeameter and ac- 
cessories. (a) Details of the permeameter: (1) iron cylinder 1 ft high 
and machined to an exact diameter of 10cm, (2) Dur-loy wire cloth 
Screen (80 openings per linear inch; diameter wire, 0.003 in) with rubber 
gasket vulcanized around its circumference, (3) basal receiving cup of 
iron (inner diameter, 10 cm), (4) screw clamps brazed to cylinder and 
basa! receiving cup, (5) leveling plate, (6) leveling screws, (7) outlet 
valve, (8) small rubber tube (5mm diameter) from outlet valve to 
flask, (9) fine wire stirrup to hold top of bend of rubber tube on under 
Side of proper elevation, (10) small ventilator hole in top of bend of 
Tubber tube to prevent siphon action, (11) small hole in top of wall of 
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Since the centrifuge moisture equivalent, M,,, is generally more 
readily and quickly determined than is the hydraulic permeability, 
this study was undertaken at the Minnesota Agricultural Experi- 
ment Station in the hope of finding a usable empirical relation 
between corresponding &, and M,, values. The moisture equiva- 
lent is used by more and more engineers, soil scientists, and 
physicists as it is an important and well-known property by means 
of which the physical character of a soil may be approximately 
determined. Since its value is known for so many soils throughout 
the country, the determination of a definite relationship between it 
and the hydraulic permeability of soils, if such a relationship 
exists, would greatly simplify the application to practice, of the 
law of water flow through soils. 

Before the study was initiated the idea was presented to Dr. 
O. W. Israelsen, research professor of irrigation and drainage at 
the Utah State Agricultural College and Experiment Station. He 
was sufficiently interested that, on request, he furnished samples of 
14 Utah soils and 2 Arizona soils for which he had already de- 
termined the &, values used with those soils and presented in this 
paper. The centrifuge moisture equivalent of each of these samples 
was determined in triplicate in the laboratory of the division of 
soils at the Minnesota station. After plotting the corresponding 
values for these 16 soils on double logarithmic paper, the &, values 
as ordinates and the M,, values as abscissas, a careful preliminary 
study of the indicated relation between the two characteristics was 
made, but the data were far too meager to furnish a basis for defi- 
nite conclusions. Therefore, the project was greatly extended, local- 
ly, and carried out as described in following sections of this report. 

EXPERIMENTAL PROCEDURE 

In this study the tests were made on laboratory prepared sam- 
ples rather than on undisturbed field samples. On this point Kry- 
nine*t writes: “If the latter are perforated by plant roots and earth- 


{Superscript numbers denote the references appended to this paper. 
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Fig. 2 The triplicate permeameters in their laboratory setup 


basal cup to relieve air pressure (stopped tight during a test), (12) vol- 
umetric flask, (13) calibrated gauge line on flask, (14) scale graduated 
in centimeters and in 10ths and 20ths of a centimeter, (15) standard 
%-in gauge glass, (16) metal pointer, (17) standard brass stuffing con- 
nections and nipples for gauge glass, (18) foundation plate of glass or 
metal resting on main support, (19} top of work table, (20) square flat 
glass cover to prevent evaporation, (21) fine uniform sand filter 2 cm 
high, (22) soil column 8cm high, (23) muslin-covered coarse wire 
screen, (24) water column, (25) surface of water column, (26) stopper 
of clean-out vent for gauge glass. (b) The standard tamper (weight of 
tamping lug. including rod and handle, 5% lb). (c) Stirring fork for 
use in breaking up stratification of the soil column. (d) Tamping base 
of iron with thin rubber sheet hard-glued to top face to obviate crush- 
ing of soil particles 
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worms as happens close to the surface of the ground, the perme- 
ability of the natural soil may be several hundred times higher 
than that of a disturbed sample. On many other occasions dis- 
turbed samples are more permeable than the undisturbed.” It is 
probably just as true that undisturbed field samples from the same 
general location may vary widely from each other, depending upon 
crops and the condition of the soil. It should be further noted, 
also, that the influence of the factors mentioned by Krynine would 
be relatively slight in soils below the A horizon, in comparison 
with the influence of soil texture and structure. The authors felt 
that the use of laboratory-prepared samples would eliminate some 
of the special factors above named and confine the variations to 
factors depending more on the soil type alone. 

In consultation with the division of soils, 52 representative 
Minnesota surface soils covering a wide range both geographically 
over the entire state, and in physical character from sands to clays 
inclusive, were selected as a basis for field accumulation of samples. 
Large samples of the 52 surface soils, all within the A horizon, 
were secured at the various locations, and similar samples of the 
corresponding subsoils, all within the B horizon, were likewise 
secured, except in one case where the water table was so high as 
to make the cost of securing this subsoil sample unjustifiably high 
as this one soil would represent less than one per cent of all those 
tested in this study. 

The 103 Minnesota samples were next put through the custo- 
mary treatment to prepare them for laboratory study. 


Moisture Equivalent Determinations. Smaller representative sam- 


TABLE 1. SOIL DESCRIPTIONS AND AVERAGES OF LABORATORY-DETERMINED VALUES OF THE HYDRAULIC PERMEABILITY, 


‘ AND MOISTURE EQUIVALENT, M 


Soil Soil description Average Average k. No. of 
no. Mog value, value, cm/sec _ tests 
SURFACE SOILS per cent 
1 Thurston SL, Hennepin Co. 5.12 6.35x10-* 3 
2 Cloquet FSL, Pine Co. 6.90 1.60x10-4 5 
3 Omega LFS, Pine Co. 7.07 2.37x10-4 6 
4 Aldrich LS, Wadena Co. 9.05 5.20x10-5 3 
5 Hayden SL, Hennepin Co. 9.35 4.33x10-5 9 
6 Bradford FSL, Mille Lacs Co. 10.72 7.67x10-5 3 
7 Ulen FSL, Polk Co. 11.25 4.05x10-4 3 
8 Hubbard FSL, Hennepin Co. 12.35 3.70x10-5 6 
9 Baudette VFSL, 
Lake of the Woods Co. 12.83 1.46x10-* 3 
10 Wadena L, Wadena Co. 13.13 1.43x10-4 3 
11 Hayden VFSL, Washington Co. 13.38 3.37x10-5 9 
12 Hubbard SL, Hubbard Co. 13.40 3.00x10-5 6 
13 Hubbard SL, Polk Co. 14.07 3.30x10-5 3 
14 Kittson SL, Roseau Co. 15.89 1.25x10-5 6 
15 Rockwood L, Wadena Co. 16.23 2.05x10-5 3 
16 Pelan L, Roseau Co. 17.05 1.81x10-4 6 
17 Santiago SiL, Washington Co. 19.73 4.24x10-5 3 
18 Lester SiL, McLeod Co. 20.23 4.33x10-5 5 
19 Milaca L, Mille Lacs Co. 20.32 4.91x10-5 3 
20 Taylor L, 
Lake of the Woods Co. 21.99 3.26x10-5 3 

21 Hibbing L. Pine Co. 22.40 1.03x10-5 6 
22 Benoit L, Stevens Co. 23.39 2.20x10-5 3 
23 Bearden SiL, Polk Co. 23.73 1.00x10-5 7 
24 Nebish L, Polk Co. 24.39 3.43x10-5 6 
25 Waukon L, Polk Co. 24.55 5.38x10-5 3 
26 Carrington SiL, Olmsted Co. 24.66 1.37x10-5 3 
27 Sarpy, SiL, Houston Co. 25.00 1.69x10-5 3 
28 Brickton SiL, Mille Lacs Co. 25.52 3.77x10-5 3 
29 Neresen SiL, Roseau Co. 25.90 1.91x10-5 3 
30 Clarion SL, Jackson Co. 26.25 2.07x10-5 3 
31 Onamia SiL, Kanabec Co. 26.60 4.93x10-5 6 
32 Glencoe SiL, McLeod Co. 26.61 1.87x10-5 3 
33 Warman SiL, Kanabec Co. 27.18 5.71x10-5 6 
34 Adolph SiCL, Mille Lacs Co. 27.49 1.45x10-5 3 
35 Tama SiL, Houston Co. 27.56 2.72x10-5 3 
36 Fayette SiL, Houston Co. 27.56 3.71x10-5 3 
37 Arveson SL, Polk Co. 28.42 5.59x10-5 5 
38 Malung SiL, Roseau Co. 29.16 2.47x10-5 3 
39 Barnes SiL, Lac Qui Parle Co. 29.36 2.53x10-5 5 
40 Wabash SiL, Houston Co. 30.07 2.09x10-5 3 
41 Marshall SiL, Rock Co. 30.45 2.07x10-5 6 
42 Webster SiC, Jackson Co. 31.15 1.40x10-5 3 
43 Clarion SiCL, Hennepin Co. 31.29 1.87x10-5 3 
44 Clarion SiCL, Faribault Co. 31.54 1.40x10-5 3 
45 Faribault C, Faribault Co. 33.57 1.65x10-6 9 
46 Delavan SiC, Faribault Co. 34.42 9.32x10-6 3 
47 Lamoure SiC, Jackson Co. 35.86 5.56x10-6 9 
48 Clyde SiC, Olmsted Co. 36.30 1.21x10-5 3 
49 Fargo C, Polk Co. 38.05 6.40x10-6 3 
50 Blue Earth SiCL, Faribault Co. 39.22 1.19x10-5 3 
51 Freer SiC, Mille Lacs Co. 39.32 2.73x10-5 3 
52 Barnett CL, Roseau Co. 40.38 2.92x10-6 3 
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ples were next prepared in the customary manner for centri uge 
determination of the moisture equivalent of each soil, from 2 :0 5 
tests being made in each case until consistency in results was se- 
cured. The average M,, values thus determined are shown in 7 ble 
1 for the 103 Minnesota soils and in Table 2 for the 16 arid s ils. 


Apparatus for Permeability Determinations. The next step vas 
to design a permeameter suited to the study. Although som« re. 
search reported by Krynine® indicates that Darcy’s Law, al ove 
stated, seems not strictly applicable in all cases of flow of w-ter 
through soils, the authors felt that they were justified in assuming 
its applicability for the ranges of gradients and soils in this s: idy 
since Darcy's Law applies only to laminar flow, which is n. ver 
exceeded in flow through soils. 

The type of permeameter described by Jenkins’? was adopte: as 
a guide, with such modifications as were found necessary (Fig ‘). 
In order to aid in securing as nearly uniform and consistent res .\ts 
as possible in triplicate tests, three permeameters were buil' as 
nearly identical as it seemed possible to make them (Fig. 2). 

To eliminate one possible variable, the final head, H,, -he 
authors decided to so design a permeameter that the hydraulic g: id- 
ient would be essentially the same for all samples tested. This has 
the distinct disadvantage of increasing the time consumed in test'ng 
the heavier soils. The permeameter, as designed, is a variable 
head permeameter. However, in order to simplify both construct:on 
and manipulation, as well as to limit the number of variables to be 
measured with consequent increase in accuracy of results, by the 
simple mathematical transformation later shown, the final value of 


Kg» 
eq OF 52 MINNESOTA SURFACE SOILS AND THEIR CORRESPONDING SUBSOILS ‘ 


(Symbols used: FSL, fine sandy loam; LFS, loamy fine sand; LS, loamy sand; SL, sandy loam; VFSL, very fine sandy loam; SiC, silty 


clay; SiCL, silty clay loam; SiL, silt loam; CL, clay loam) 


Soil Soil description Average Average k, No. of 
no. M,, value, value, cm/sec tests 
SUBSOILS per cent 
1 Hubbard S, Hubbard Co. 1.25 1.31x10-2 6 
2 Thurston S, Hennepin Co. 2.21 1.34x10-2 3 
3 Omega LFS, Pine Co. 2.38 3.45x10-3 6 
4 Cloquet FS, Pine Co. 2.57 1.07x10-3 6 
5 Ulen LS, Polk Co. 4.07 5.33x10-4 3 
6 Aldrich LS, Wadena Co. 4.08 7.21x10-4 6 
7 Rockwood LS, Wadena Co. 5.76 5.04x10-5 8 
8 Hubbard LS, McLeod Co. 5.93 1.86x10-3 3 
9 Baudette LVFS, 
Lake of the Woods Co. 6.72 5.48x10-4 3 
10 Pelan SL, Roseau Co. 7.17 1.96x10-3 3 
11 Milaca SL, Mille Lacs Co. 10.39 3.60x10-5 3 
12 Wadena L, Wadena Co. 10.48 3.50x10-4 3 
13 Hubbard L, Hennepin Co. 12.90 5.19x10-5 5 
14 Nereson L, Roseau Co. 13.64 1.99x10-5 3 
15 Sarpy L, Houston Co. 13.72 1.26x10-4 4 
16 Onamia L, Kanabac Co. 15.04 3.43x10-5 3 
17 Nebish L, Polk Co. 15.25 1.12x10-4 3 
18 Arveson L, Polk Co. 15.96 4.43x10-5 6 
19 Hayden L, Hennepin Co. 16.03 5.33x10-5 6 
20 Bearden L, Polk Co. 16.70 4.19x10-5 5 
21 Malung L, Roseau Co. 16.95 2.55x10-5 3 
22 Bradford L, Mille Lacs Co. 17.30 2.75x10-5 3 
23 Benoit L, Stevens Co. 18.23 4.24x10-5 3 
24 Adolph L, Mille Lacs Co. 18.37 2.59x10-5 3 
25 Warman L, Kanabec Co. 18.54 4.63x10-5 3 
26 Lester SiL, McLeod Co. 19.43 3.67x10-5 3 
27 Taylor L, 
Lake of the Woods Co. 19.91 4.93x10-5 6 
28 Waukon L, Polk Co. 20.37 1.06x10-6 3 
29 Freer SiL, Mille Lacs Co. 20.66 4.60x10-5 3 
30 Carrington SiL, Olmsted Co. 21.13 1.66x10-5 3 
31 Webster SiL, Jackson Co. 21.39 1.32x10-5 3 
32 Tama SiL, Houston Co. 22.17 4.24x10-5 6 
33 Santiago SiL, Washington Co. 23.09 3.12x10-5 3 
34 Barnes SiL, Lac Qui Parle Co. 23.34 2.15x10-5 3 
35 Glencoe SiL, McLeod Co. 23.36 1.38x10-5 3 
36 Clarion SiL, Jackson Co. 23.40 2.59x10-5 3 
37 Kittson SiL, Roseau Co. 23.49 6.76x10-6 5 
38 Hayden SiL, Washington Co. 23.52 1.73x10-5 3 
39 Clarion SiL, Hennepin Co. 24.54 1.00x10-5 3 
40 Barnett SiL, Roseau Co. 24.87 3.39x10-6 6 
41 Clarion SiL, Faribault Co. 25.70 1.07x10-5 8 
42 Fayette SiL, Houston Co. 26.37 3.27x10-5 6 
43 Clyde SiCL, Olmsted Co. 26.80 2.34x10-5 3 
44 Blue Earth SiCL, Faribault Co. 28.45 6.47x10-6 3 
45 Marshall SiCL, Rock Co. 28.80 1.61x10-5 3 
46 Brickton SiCL, Mille Lacs Co. 29.66 9.70x10-6 6 


47 Lamour SiCL, Jackson Co. (No sample secured on account of wat: ") 


48 Fargo C, Polk Co. 31.29 8.25x10-7 4 
49 Faribault SiCL, Faribault Co. 31.80 1.86x10-6 5 
50 Wabash SiCL, Houston Co. 32.37 1.72x10-5 3 
51 Hibbing SiCL, Pine Co. 32.87 1.52x10-6 6 

Delavan SiCL, Faribault Co. 39.22 5.12x10-7 6 


o 


the h 
variib 
waicr 
dev le 
Py 
publi 
turbe 
infor 
turbe 
guile 
A 
mace 
proce 
these 
the | 
layer 
sults 
in n 
amo 
expe 
: 
and 
stan 
folle 
poss 
sim] 
ness 
alw: 
part 
cess 
mat 
war 
um! 
of « 


pac 
and 
WoO! 
as) 
one 
der 


ae ee: eee ee Et Ss ee eee Ma ORAS, deere ey: So Lk gS. NT ae Jiehendore eee” a es LSE AD ce ae 
f a -y 7 i ae Oe eee eens Bw mee gs!” ar aes = ea ctl ioe. 7 F 6) hy Seieeton a er? 7 ‘2 PS 
aS, ae 2 ee 8 A ie a eee Renae Meee i aint: aes See Ay + aagtarpatie oy ge 
ate t .Sam BS + ee oe Sate as ‘ a & Gees gar. AUS Se bs, Soe sia See 
Mey ee | pa wee aes al SP ite ates Soe ¥ a ys eS a ees ame 2, eg aaa ot ee aS 
Reis Sees. ce bee aes oa : re Bet i ake yee : Ree hed ice hy IRM eis creat Pe ae picks eh ae 4 
ares. ae ae ane Bei «oo eR a St a gg a rae. ee i ciks | ohh ; ie a 
sii Siiae Geen? a a 
Eee 
pe tem ye d 
ae " 
een a Wnts. £ 
ese 
Peter cat g : 
Nae tse 4 
elle 
are ee 
ie ee 
EEE thea 382 
eke 2 AGRICL 
2 ae TABLE 
oe ae DETE! 
we k., 4 
j i s 
- r Soil 
‘ No. 
: 1 
: oe 2 
ee ; ’ 3 
Z 4 
m, 5 
. 5 
cere 7 
: Bia aS 8 
rae 
ia) Plato 
iss fs 9 
eee si <8 10 
See 11 
aes ‘2 
Ms oe 3 
est 2 4 
i, ee 5 
‘an ei 
Res ea a | 
Loe NS 
SR 
BATS Sistas 
pe ee ae 
ngeee a aie 
agent 
Lita cig 
ee 
er ae | 
Pages. 
ee 
toe, | 
, eel * | 
ee 
aor 
a ae | 
Me ola a | 
Gee me 
Sere Geen | 
ue © 
Nevers Vea 
gs Be 
4 Je | 
Be sue | 
Bes ary | 
Piel nabs | 
Pam PA | 
Ors oa eg | 
aye ane 
pgreteeh eronea 
pe gk nae 
22 a Nae 
Weenie | 
ey eae 
4 Sa 
Raila a | 
Bree |” | 
pes | 
agi: 
ges | 
oe peepee | 
Piet | 
oe a | 
ao. | 
Ge, uz 
er ey 
icgeeee 
od geo tan 
ai: pi 
rae lay 
eee S01 
as eas cor 
APE, : 
Beat Ae, Sis' 
toe Al 
et a ee wa 
ae ch 
: ee ter 
* Gites deem 6 Sal 
ae Z 
pete : tic 
a : re un 
ne Ax i 
Fe : 
o ; q 
ig. rasan, - he 
Set ae P sans 7725S 
Si ie alec Se % si ; Rea ease — Seo E Be an neh ae Bee Re 5 ke ROSE Dacca 2 PMR ie = a ee eM RR ale Se a 5 ne oe 
SOE eh eer Serene I ee eee eh ye Me 3 oe ae yh wraae eee tree Se eae 2 
rE Ss EE ee ae taro a Pee 5 eae = Begins Sawer ga ay ag ee 4 Ree ry ot ERE Re alee toes een ss 50k ae es 
ey Pola * Son SERS SR ee My Se eam ak Beers CV" cite aa ey See Aaa ie Ma Ta rae 2 6 Ble. '/!-'S Sea 2S Di arg | fe 
ea os oe eer aos ae Te oe” ie ers ae SSIS m st oies te Loci ay ee Po Mae See fae aa ae 


ria 


uction 
to be 


vy 


the 


lue of 


er) 


AGRICULTURAL ENGINEERING for October 1944 


TABLE 2. SOIL DESCRIPTIONS AND AVERAGES OF LABORATORY- 
DETERMINED VALUES OF THE HYDRAULIC PERMEABILITIES 
k., AND MOISTURE EQUIVALENTS, M,,, of 16 ARID REGION 
SURFACE SOILS FROM UTAH AND ARIZONA 
(Furnished by Dr. O. W. Israelsen) 


Average 
Soil Average k, value, 
No. Soil description M,, value, cm/sec 
per cent 
1 Arizona Sand, All-American Canal 7.4 1.4 x10-4 
near Yuma, Arizona 
2 Sandy Chalk, Delta area, Delta, Utah 21.8 6.5 x10-5 
3 Oasis Clay, Delta area, Delta, Utah 26.4 1.86x10-5 
4 Oasis Clay, Delta area, Delta, Utah 26.4 3.15x10-5 
5 Oasis Clay, Delta Area, Delta, Utah 28.2 2.26x10-5 
3 Woodrow Clay, Delta area, 30.1 4.7 x10-7 
Delta, Utah 
7 Woodrow Clay, Delta area, 32.3 1.3 x10-7 
Delta, Utah 
8 Arizona Clay, All-American Canal 32.9 2.0 x10-7 
near Yuma, Arizona 
9 Black Rock Clay, 45 miles south of 37.4 7.6 x10-7 
Delta, Utah 
10 Deltasite, 45 miles south of Delta, Utah 42.4 1.0 x10-5 
‘1 Oasis Clay, Delta area, Delta, Utah 45.2 2.49x10-5 
‘2 Oasis Clay, Delta area, Delta, Utah 46.9 2.11x10-5 
3 Black Rock Clay, 45 miles south 47.5 7.6 x10-5 
of Delta. Utah 
4 Green Bentonite, Redmond, Utah 52.0 4.4 x10-8 
5 Goss Clay, 30 miles southwest of 58.5 6.7 x10-5 
Delta, Utah 
16 Gray Bentonite, Redmond, Utah 82.9 5.6 x10-8 


the head, Hz, was eliminated from the formula. The remaining 
variibles to be measured then were initial head, H,; volume of 
water collected, V; temperature, T; and time, #. (See details of 
devlopment of formula and Fig. 1.) 

Procedure. So far as the authors could determine very little 
published data are available regarding permeability tests on dis- 
turbed samples in the laboratory and there seems to be very little 
inf. rmation about problems encountered by others in preparing dis- 
turbed laboratory samples for permeability tests; hence they were 
guided in this only by their own findings. 

A considerable number of preliminary test determinations were 
made in triplicate for the purpose of finding the best methods of 
procedure regarding preparation and packing of sample. During 
these tests one problem was that of choosing a filter to be used at 
the bottom of the layer of soil. It was finally decided that a 2-cm 
layer of fine sand gave the least difficulty and most consistent re- 
sults. This selection was made because it was found that fine sand 
in no case slowed up the rate of downward percolation by an 
amount that exceeded that caused by the most permeable of the 
experimental soils. 

The soil column is composed of air-dry soil thoroughly mixed 
and finally compacted in the apparatus previous to the run, by the 
standard approved method modified in the manner described in the 
following discussion. It was found that, even when the greatest 
possible care was exercised in placing the soil in the permeameter 
simply by pouring it in three layers of approximately equal thick- 
ness, each of which was separately tamped, the pulverized soil 
always tended to deposit itself in strata according to size of soil 
particle. Of even greater importance was the fact that in the pro- 
cess of pouring and tamping, vertical veins or strata of the coarser 
material were formed through which the water percolated down- 
ward much more rapidly than through other parts of the soil col- 
umn. The combination of these conditions resulted in serious lack 
of consistency in triplicate checks. 

To attempt to stir the soil within the apparatus before com- 
paction would introduce the danger of disturbing the sand filter 
and would encourage horizontal stratification. However, since it 
would apparently reduce vertical veining, the soil was stirred with 
a special fork shown in Fig. 1c. A layer of thickness approximately 
one-third the height of the soil column was poured into the cylin- 
der, stirred with the fork, and then tamped with the standard 
tamper according to standard procedure. Then a second and third 
layer were placed in the same way until the desired total height of 
soil column was obtained. This procedure greatly improved the 
consistency of behavior of the triplicate tests but satisfactory con- 
sistency of results was not obtained in about one-half the cases. 
Although there may be objections to this detail of procedure, it 
was used because it seemed to give less variations in the triplicate 
checks. Moreover, it seems probable that, even considering the exis- 
tence of the undesirable conditions above described, the disturbed 
samples in the triplicate permeameters would give no wider varia- 
tion in &s values than would result from contemporaneous tests of 
undisturbed soils in a given field. 
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The method having been thus standardized, the &, value of each 
of the 103 Minnesota soils collected was determined in triplicate 
runs and these were repeated in any case found necessary, until 
consistency of results acceptable to the authors was obtained in the 
three sets of apparatus. The average &, value for each soil thus 
determined is shown in Table 1 along with the previously deter- 
mined M,, values. The values of &, given in Table 2 for arid 
region soils were measured with a variable head permeameter of 
somewhat different type in the irrigation department laboratory 
of the Utah Agricultural Experiment Station by Dr. Israelsen. The 
purpose of the Utah permeability measurements was to find soil 
materials suitable for lining irrigation canals to reduce seepage 
losses. No determinations of the voids ratio or specific weight of 
the sample were made on the samples tested. 

It has been suggested by Gilboy’ that organic decomposition 
and growth of fungi may effect the &, values in cases where the 
determination takes considerable time. These influences were not 
investigated by the authors of this paper but are believed to be of 
secondary importance. 


Computations. As previously stated the mathematical design is 
based on the assumption that Darcy’s Law is applicable in the de- 
termination of &,. In the development of the formula for &, to be 
used with the laboratory data the following symbols are used with 
meanings as noted: 

A = area of water and soil column cross section in square 
centimeters 

ht = effective head in centimeters at any instant 

H, = effective head at beginning of a test, in centimeters 

Hz = effective head at the end of a test, in centimeters 

L = height of soil column in centimeters 

q = rate of discharge at any instant, in cubic centimeters 
per second 

t =the general expression for time in seconds 

4; = time equivalent at the beginning of a test, in seconds 

tz = time equivalent at the end of a test, in seconds 

te—t, = length of run in seconds 

T, temperature correction factor (determined in each 
case from Table 3 or Fig. 3) required to reduce the 
&, value measured at the temperature during the given 
test to its corresponding value at 20 C: 

v = velocity of flow in centimeters per second 

V, = total volume, in cubic centimeters, of material in 
the cylinder, at any instant, between the water sur- 
face and the base of the soil column 

V,, = the value of V, at the beginning of the test 

V.,. = the value of V, at the end of the test 

V = the total volume, in cubic centimeters, discharged in 
time (#-—f:). It is negative in algebraic character be- 
cause it is a decrease in V,,. 

As before stated Darcy’s Law is 


v = kb,/L {1] 
By the law of continuity of flow 
q = Av= Ak,h,/L {2] 
But V, = AH, [3] 
Then the decrease in V, in an interval of time, dt, or 
dV, = -qdt = —(Ak,h,/L) dt [4] 
Dividing equation [4} by equation [3], member for member 
av. k, 
ae a [3 
Integrating equation [5] between limits shown below 
Log.V, a oe a t |: [6] 
’ 26 — ks 
or Log, Vie _ L (2 —t) {7] 
But V =Vie—Vow Of Veg = Vie —V [8] 


And, since V,, = AH, substituting these values of V,, and 


V,. in equation [7] 
AH, -1 k, 
a A Ian ee 
Log, AH, L (t, -4,) {9} 
L ._ AH,-+ L ( ) 
as emis Tn ~ a - log eee 
Whence &, rae log, AH, ae og. 1 AH, {10} 
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50 


L=cm 
taken at 


Coefficient of Hydraulic Permeability , kg (cm /sec ) 


Making temperature corrections to 20C and converting from 
Naperian to common logarithms E 


Note: 40 F = 4.44C 
80 F = 26.67 C 
Values of » taken from ‘‘Handbook of Chemistry and Physics.’’ 


Following is a specimen of the experimental data and compu- 
tation sheet used for each separate run, the separate sheets for each 
apparatus of a triplicate run being always numbered A, B, and C, 
from left to right as shown in Fig. 2. 


Clock Run Head gage Actual Temp., Time, Time, Measured 


Date time no. reading head, Cc min-sec sec v, 2 terent temperatures 
(H), cm em 
8:12 16.05 24.05 Computations (head volume method) 
2-17-43 9:41 1 15.76 23.76 20.0 89-5 5345 25 


A =100sq cm For conveninence repeating Formula [11] Run Meas. H, vy ‘. = Vy corr., Time,  k 
—" ‘ 2.303LT., | Vv = ta AH, 4H, \* an) 7,, sec em sec 
= 8cm Pope 18 pa eee r 
s20 tt, 30 (3 a) 1 2524.05 0.013235 0.986765 —0.00579 1.000 5345 1.995x 


*Subsoil No. 30 marked 30s on the laboratory sheets. 
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TABLE 3. VISCOSITY OF WATER on 
Viscosity , ae Viscosity Tf = aT) 
coeff., 20 Temp., coeff., 20 ® 
7 (ces) n test /n 20 e n (ces) n test /y 20 = 
0.01792 1.7831 55 0.00506 0.5035 Pe 
-01519 1.5114 60 00.469 0.4667 
-01308 1.3015 65 -00436 0.4338 o 
-01140 1.1343 70 -00406 0.4040 oD 
-01005 1.0000 75 -00380 0.3781 =) 
-00894 0.8896 80 -00357 0.3552 ue 
-00801 0.7970 85 -00336 0.3343 

-00723 0.7194 90 -00317 0.3154 = 
-00656 0.6527 95 -00299 0.2975 = 
-00599 0.5960 100 -00284 0.2826 4 
-00549 0.5463 ¥ 
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SOIL PERMEABILITY TEST DATA 30 
(always Soil No. 30s* 


8 cm) Cylinder A M4 32.37 Water Temperature , Degrees ©. 
Fig. 3 Chart showing viscosity correction factors for dif- 
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ANALYSIS OF DATA 

The average &, values as en- 
tered in Table 1 were plotted as 
ordinates on double logarithmic 
graph paper against the corres- 
ponding M,, values as abscissas. 
Although there was a noticeable 
trend toward the type of mathe- 
matical relationship hoped for, the 
experimental values clearly show- 
ed too wide a deviation from any 
exact empirical rule to be of value 
in practical determinations of 4, 
values of soils on which no labo- 
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os s- ratory determinations had been 
H+ made. Deviations of several hun- 
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dred per cent were noticeable in 
several instances. 

Although it is evident that the 
correlation is very bad, these (ata 
may be of some value in making 
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such estimates may be highly in- 
accurate, they are better than 
judgment alone as the data give 
some basis for judgment. For 
the possible use of this data for 
such purposes, it was considered 
advisable to replot the data on 
semilogarithmic graph paper, the 
&, values on the logarithmic scale 
as ordinates and the M,, values 
on the rectilinear scale as abscis- 
sas. This was done, thereby making 
the soil class zones, as marked 

Moisture Equivalent, per cent out by the M,, values, more read- 
Fig. 4 Relation of the hydraulic permeability to the moisture equivalent (surface soils) ily comparable. This result tends 


: (9) $444 rough estimates of permeability 

H + + u a coefficients in cases where mvis- 

5H + ture equivalents are known. W hile 
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Lauritzen of the U. S. Soil Conservation Service sug- 


AGRICULTURAL ENGINEERING for October 1944 


to clarify the use of the charts. Fig. 4 represents the 
surface soils and Fig. 5 the subsoils. The arid region 
soils are shown in Fig. 4 along with the Minnesota 
soils with the exception of number (16) which was so 
high on the M,, scale as entirely to remove it from 
comparison with the others. 

A comparison of Figs. 4 and 5 shows two things 
that, while somewhat disconcerting, should not be over- 
looked in the use of the charts: (1) The surface soils 
show a more pronounced scatter than do the subsoils. 
This may safely be assumed to be due to the continual 
disturbance of the surface soils in the field procedures 
of farming and to the greater proportion of humus and 
other organic substances than is found in the subsoils. 
(2) The arid soils apparently show much wider disper- 
sion and markedly different trends than do the soils 
from the semihumid region of Minnesota. This may be 
duc to the general difference in their physical charac- 
teristics as a consequence of the different nature of the 
processes by which arid soils and humid soils are 
formed, those of the former being largely physical while 
those of the latter are largely chemical. 

In commenting on a preliminary report by the au- 
thors, submitted to him by Dr. Israelsen, Dr. C. W. 


10-3 ——+ 


(cm /sec ) 


gested that a grouping of the soils according to physical 
and chemical properties would probably result in a 
better correlation than that shown by the moisture equi- 
valent. The authors considered that, but it seemed clear 
that such a grouping would defeat the original purpose 
of these studies by making the application of Darcy's 
Law more complex instead of less so. They realized 
that the correlation sought by them would be influenced 
by the physical and chemical characteristics of the soils, 
but they did not anticipate a correlation as poor as 0 
that obtained. 

The authors still feel that a search for a relation- 
ship between &, and a soil property more easily deter- 
mined is desirable from a practical standpoint and that further 
studies to that end should be provided for in the near future. 


Coefficient of Hydraulic Permeability , k, 


CONCLUSIONS 


No mathematical relationship between moisture equivalent and 
hydraulic permeability sufficiently reliable for direct application to 
practical problems is indicated by this study. 

A general trend is sufficiently clearly indicated that it should 
serve as a guide to the judgment in selecting the probable range of 
k. values for a given soil whose moisture equivalent is known, 
where the laboratory determination of the exact &, cannot seem to 
be readily provided for. 
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Postwar Farm Structures 


ROMPT action is required if engineering design is to contribute 

fully to the development of farm structures in the postwar per- 
iod, and there is increasing evidence that such action will be forth- 
coming. The state colleges of agriculture have recently prepared re- 
ports on a program for rural housing and farm building after the 
war. In these reports, there is a nearly unanimous agreement con- 
cerning the need for extensive research and educational aid for the 
development and improvement of farm buildings. County farm and 
home extension agents, vo-ag teachers, materials dealers, and rural 
builders are in position to render outstanding assistance in farm 
structures improvements, and they are demanding planning aids and 
technical information as a basis for service to farm families. The 
industries have indicated their interest by aggressive support of pro- 
posals for public aid to education and research and by increased 
contributions to cooperative investigations. Conferences of research 
workers in the north central region have been held recently to plan 
a unified program of investigation of regional significance. 
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Fig. 5 Relation of the hydraulic permeability to the moisture equivalent (subsoils) 


Postwar Employment 
To THE EpiTror: 


N article in AGRICULTURAL ENGINEERING for June by T. B. 
Chambers, entitled ‘Postwar Opportunities for Agricultural 
Engineers in Soil and Water Conservation’, was most interesting 
and enlightening. He tells of the tremendous amount of work in 
farm terracing and stock water reservoirs that lies ahead. This field 
should become a factor in postwar employment. 


I have been constructing terraces and farm reservoirs with power 
equipment for Shelby County (Ky.) farmers for about nine years 
and have hardly scratched the surface of the possible work that 
could be done. Terracing is paying fancy dividends annually to 
farmers who are taking part in the program. 


Shelby County is only one of at least fifty counties in Kentucky 
which could support two or more organizations similar to mine. 
Four hundred men would have year-round employment. Each com- 
pany would have around $25,000 worth of equipment which would 
be replaced on an average of every five years. This would mean an 
annual sale of $500,000 worth of equipment by Kentucky dealers, 


and operating costs of about $1,000,000.00 annually would go to 
local business firms. 


Does all this sound fantastic? It is working for me, and I 
believe it will work for the other fellow. Even with all the efforts 
that the U. S. Soil Conservation Service has put forth, we continue 
to lose the battle against erosion at an alarming rate. We must 
save the soil that is left, and I believe this can be done by private 
enterprises and that the farmer is willing and able to finance the job. 


W. Forrest SMITH 
Owner, Forrest Smith Terracing Co. 
Shelby County, Kentucky 


(Epitor’s Note: Following are Mr. Smith’s conclusions as to the 
comparative effectiveness of erosion control practices: (1) On land that 
is strip-cropped the movement of soil continues and will eventually reach 
the lowland. (2) On land contour-cultivated by eye, while erosion is 
checked, its deadly work continues. (3) Land sown to cover crops will 
do well during the ensuing years but the mark has been missed so far 
as protecting the field from erosion is concerned. (4) On the other hand, 
land terraced is permanently protected, that is, as long as the terraces 
are properly maintained.) 
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* Deere & Co. 


\ X J \TH the advent of the modern farm tractor most farm 
operations were speeded up. However, the checkrow plant- 
ing of corn did not lend itself to faster tractor speeds, be- 

cause the conventional valves used were not capable of bunching 
the hills of corn properly at speeds over 3 or 314 mph. The only 
advance made was to increase the width of the planter from two 
to three or four rows, but the speed could be no greater than that 
of horses. 

Timeliness of planting corn is very important. If it can be 
done at just the right time, it may mean a great difference in the 
yield, as well as mature it ahead of an early frost. The farmer who 
can get planting done quickly ahead of a wet spell also gives his 
crop a start that puts it way ahead of his slower neighbors. The 
scarcity of hired help has also made it desirable to increase the 
daily capacity of the planter. 

It was for these reasons that our company started about eight 
years ago to develop new two and four-row tractor planters that 
would speed up checkrow planting about 50 per cent, or give a 
planting speed of 5 mph. In developing these planters, the use of 
a high-speed motion picture camera was of great assistance because 
by means of slow-motion pictures, it was possible to see in great 
detail the movement of each kernel of corn as it passed through 
the valves. After much study it was found that there were three 
things happening to the kernels which prevented checkrow planting 
at higher speeds. 

1 The rebounding or bouncing of the kernels when they hit the 
flat surfaces which, at various planes or wide angles formed the 
bottom of the valves of all planters, prevented higher speeds. This 
was because the time interval between valve openings was much 
less at higher speeds and the kernels would not have come to rest 
at the time the valves were opening thus causing a mixing as well 
as scattering of hills. To illustrate, if a kernel bounced up only 
one inch, the planter would move forward about a foot at 5 mph 
before that kernel would settle down into the valve again. Many 
times the kernels bounced considerably more than an inch so that 
it was easy to see that this took too much time to permit higher 
valve speeds. 

2 In falling from the upper to the lower valves, the kernels 
would not always fall in a compact bunch, but would scatter or 
string out. This prevented higher speeds because it took too long 
for all the kernels to settle into the lower valve, which they must 
do before they could be ejected. 

3 When the lower valve 
ejected the kernels into the 
ground, the ejecting face of 
the valve or plunger would 
be moving at high speed when 
it struck the kernels compos- 
ing the hill of corn, thus kick- 
them out with considerable 
impact. Kicking or batting the 
kernels out would cause them 
to scatter, and this scattering 
of hills became more pro- 
nounced as the speed of plant- 
ing was increased. 

To overcome these faults, 
new upper and lower valves 


This paper was presented at 
the annual meeting of the Ameri- 
can Society of Agricultural En- 
gineers at Milwaukee, Wis., June, 
1944, as a contribution of the 
Power and Machinery Division. 

A. C. SANDMARK is sales 
manager, Deere & Mansur Works, 


Checkrow Planting at Higher Speeds 


By A. C. Sandmark 


This picture shows both the upper and lower valves of the Deere high-speed 
corn planter, with kernels of corn in each ready for ejection. To obtain 
this view, the shank as well as the sides of the valves had to be cut open 
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were designed which had very narrow V-shaped pockets. “he 
upper valve was made to form an upright narrow V-shi»ed 
pocket, when in the closed position, and it could be opened | «ry 
quickly by moving one side away from the other at the lowest p. int 
of the V. The lower valve was made to form a V-shaped po: ket 
curved forward at its lower end when closed. The lower or : car 
part of this V consisted of a gate which, when the valve »as 
opened, moved downward and backward very quickly out of ‘he 
path of the ejected hill. The upper or forward part of this cursed 
V served as the ejecting surface which was always in contact v ith 
the kernels of corn before they were ejected and thus pushed the 
hill of corn out with a downward as well as backward mot on 
when the valve was opened. 

Let us see how this construction could overcome the three 
faults mentioned above: 


1 When dropping into the narrow V-shaped pockets, the ‘e- 
bounding oscillations of the kernels were dampened, and they carne 
to rest quickly between the walls of the valves, being wedged as 
it were at the point of the V. This reduced the time necessary he- 
tween valve openings and therefore permitted higher valve specs. 

2 This construction also made it possible to drop the entire 
hill of corn in a compact bunch from the upper to the lower valve. 
The reason all kernels dropped together was because the instant 
the upper valve started moving open all kernels were released 
together, while in most conventional upper valves some kernels 
might fall as the valve started to open, but there was no assurance 
they would all fall until the valve was wide open. The new 
valve also provided a smooth tube or passageway from the upper 
to the lower valve thus eliminating any moving surface which 
would tend to scatter the kernels as they fell. By preventing the 
scattering of the hill in falling from upper to lower valve, all the 
kernels reached the lower valve more quickly and thus further 


reduced the time necessary to get the kernels settled in the lower 
valve. 


3 The new construction pushed the hill of corn out of the 
lower valve instead of kicking or batting it out. It was noticed 
that when the hill was kicked out by a sharp impact from a fast- 
moving valve surface or plunger, it would scatter more than when 
pushed out. This was because the seeds may lie in different posi- 
tions and thus be struck at different points relative to their center 
of gravity. In the new high-speed valve, the surface that ejects 
the hill is in contact with the 
kernels before it starts to 
move; therefore, it ejects the 
seed with a general pushing 
action, which, even thouzh 
rapid, maintains the seed in a 
relatively small bunch. In fa:t, 
the hills were found to be 
better bunched with the now 
valves at 5 mph than with ‘1¢ 
old valves at 3 or 314 mph 

Other features built isto 
these planters also cut down 
the planting time and assure 
a satisfactory job. 

This development, which 
has made it possible to sp:°d 
up greatly the operation of 
planting of corn, is an enxi- 
neering achievement of much 
significance, and it is of ires- 
timable value to the farmer in 
enabling him to plant his corn 
under more favorable weat:.¢r 
and soil conditions. 
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Time and Labor-Saving Possibilities of a : 
High-Speed Drill Planter 


By H. V. Hansen 


MEMBER A.S.A.E. 


row planter for one purpose —to help control weeds. A field 

of corn properly crosschecked can be cultivated both with di- 
rect.on of planting and at 90 deg to the direction of planting. The 
first four states — Iowa, Illinois, Indiana, and Minnesota — having 
the highest yields per acre, respectively, use checkrow planters 
ver) extensively. 

Che next six states — Missouri, Texas, Georgia, Nebraska, Kan- 
sas, and South Dakota—use a few checkrow planters in some areas, 
but drill planters and listers are used to a greater extent. In these 
are’. moisture is more important than weed control made possible 
by . rosschecking. 

a soil conservation areas contour farming is practiced, and it 
is ©! course impossible to crosscheck corn and plant on the contour 
at t.e same time. Here again drilling of corn on the contour as a 
conservation measure is more important than crosschecking for 
easicr and more effective weed control. Data from the USDA-SCS 
reg:onal office at Spartanburg, S. C., show an increase of corn yield 
per acre on 1754 southeast farms of 42.4 per cent due to conserva- 
tion practices. The Iowa Agricultural Experiment Station and the 
Soil Conservation Service in 1942 compared the yields on 30 fields 
of corn and reported an increase in yield of 6.2 bu per acre. 

What has increased yields in contour farming to do with the time 
and labor-saving possibilities of a high-speed drill planter? Just this: 
Drill planters are necessary to plant on contours, and farmers have 
turned to drill planters to save their land and increase their yields. 

Agricultural engineering treats in part of labor efficiency, power 
economy, and effective use of mechanical equipment. The foregoing 
mention of contour farming brings in yields per acre, conservation 
of fertility, and total production, but the effectiveness of the indi- 
vidual laborer is becoming more and more important. 

One way to show the labor-savings possibilities of a drill plant- 
et is to show the loss of time in the use of a checkrow planter. 

The leading planter manufacturers use one of two types of 
checkrow wire anchor stakes, either the tension meter type or the 
payout type. An explanation of 
these types has no place in this 
paper, but they are well known 
to those familiar with corn 
planters. There are other types 
of wire-handling mechanism, 
such as crossover wire mechan- 
ism, that are not used extensive- 
ly enough to warrant time for 
discussion. 

Planting speed has been in- 
creased from 314 to 5 mph and 
crosschecking has been satisfac- 
torily accomplished at this in- 
creased speed. An increase of 
1.5 over 314 mph means an in- 
crease of 42.9 per cent during 
the time the planter is operating, 
which is the basis from which 
we must start in determining 
how much time and labor can 
be saved by drilling. 


] IS a well-known fact that corn is crosschecked with a check- 


ACTUAL PLANTING TIME 


1. TENSION METER STAKE AT 3.5 MPH. 
Z. TENSION METER STAKE AT 5.0 M.PH. 
J. PAYOUT STAKE 
4. PAYOUT STAKE 


AT 3.5 MPH. 
AT 5.0 MPH. 


| EFFECT STAKE SETTING TIME HAS ON 
| CAPACITY OF CHECKROW PLANTER 


figures given in the following paragraphs, since turning time either 
in checkrowing or drilling should be the same. Also the time needed 
to unreel and reel the checkrow wire is not included since it is 
possible to drill the first one-half round while unreeling the wire 
and the last one-half round while reeling the wire. There would 
be a small time loss but the percentage would be very small. 

The time given as time required to set the checkrow wire stake 
is taken from the moment the clutch is thrown out on a tractor 
after turning at the end of the field until the time the clutch is 
thrown in as planting is resumed. The shape of the field has both 
ends parallel which is ideal for checkrow planters inasmuch as no 
buttons need be taken up or let out at either end. 

The time required to set the checkrow wire stakes was obtained 
from actual time studies made in the field in 1941. Each of the 
operators had planted at least 400 acres of corn that season and 
were skilled operators. The time required to travel the length of 
the field is obtained mathematically assuming a uniform speed of 
either 314 or 5 mph. 

The accompanying graph shows the per cent of time a planter 
is actually placing seeds in the soil with both tension meter stakes 
and the payout stakes and operating at both 314 and 5 mph. 

There are 213,318 farms in Iowa that average 160.10 acres 
each, 44.5 per cent of which is planted to corn each year. With 
this as a base the graph gives only time studies up to and includ- 
ing 160-rod rows. The average would be considerably less than 
160 rods. It is interesting to note on 20-rod rows, using a tension 
meter stake and traveling at 31/4 mph, that 48 per cent of the time 
is lost; and 57 per cent is lost traveling 5 mph. With a payout 
stake at 31/4 mph, 56 per cent is lost; and 67.6 per cent is lost at 
5 mph. The planting time increases with the length of row, very 
rapidly at first and then levels off. 

A larger per cent of time is lost traveling at 5 mph than at 
314 mph. This can easily be realized since the time it takes to set 
the stake is constant and the time required to cross the field is de- 
creased, thus raising the percentage. It is interesting to note that 
even at 160-rod row lengths and 
traveling at 314 mph, there is 
10.4 per cent of time lost be- 
cause of the stake; and 14.3 per 
cent at 5 mph. With the payout 
stake the percentages drop to 
14.8 per cent at 314 mph and 
20 per cent at 5 mph. 

The two lower curves in the 
graph show the actual increase 
in planting capacity due to the 
42.9 per cent increase in speed, 
obtained by traveling at 5 mph 
instead of 31/4 mph. These in- 
creases run from 15.8 to 27.1 
per cent with the tension meter 
stake and from 12.5 to 25.8 per 
cent with the payout stake on 20 
to 160-rod rows, respectively. 
This is a remarkable increase, 
but there is still a time loss of 


‘ieee 


It must be understood that 
turning time at the ends of the 
field is not included in the 
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This paper was presented at 
the annual meeting of the Ameri- 
can Society of Agricultural Engi- ‘4 0 
neers at Milwaukee, Wis., June, 
1944. as a contribution of the 
Power and Machinery Division. 

EV. HANSEN is project engi- 
heer, Harry Ferguson, Inc. 


INCREASE CAPACITY 


40 60 


| 
EFFECT OF 42.9% 3.SMPH. TO 50 MPH) 
INCREASE OF PLANTING SPEED ON 
CAPACITY OF CHECKROW PLANTER 


80 100 120 140 160 
LENGTH OF FIELD IN RODS 


This graph shows the per cent of time a planter is actually placing 
seeds in the soil with both tension meter and payout stakes and at 
both 3% and 5 mph speeds 


67.6 per cent on 20-rod rows and 
10.4 per cent on 160-rod rows. A 
drill planter will gain the above 
percentage lost because this loss 
is due only to moving the check- 
row wire stake. When agricul- 
tural engineers build into a ma- 
chine a 10 per cent capacity in- 
crease it is an accomplishment. 
Here (Continued on page 392) 
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Nutritional Values of Hay and Silage as Affected by 


Harvesting, Processing, and Storage 
By G. Bohstedt 
(Concluded from the September issue) 


PART II. HARVESTING, PROCESSING, AND STORING 
SILAGE 


S WITH hay, so with silage, there are principles and methods 
Ae conserving most of the original nutritive value of the 

fresh forage. Essentially these are (1) to exclude or sufh- 
ciently restrict air and (2) to have a relatively high acidity, any- 
where from about pH 3.5 to pH 4.5. Both requirements may be 
brought about by proper moisture and sugar contents of the forage 
to be ensiled. In the humid regions of the country it is as a rule 
easier to preserve the nutrients of a forage crop by ensiling than 
by hay making. 

Acidity Is Best Single Criterion of Quality in Silage. Where the 
single criterion of high carotene content ordinarily denotes high- 
quality hay, so the single figure of high acidity marks high-quality 
silage. Naturally in either case the palatability and other charac- 
teristics of the original forage are factors in the over-all feed value. 
If, for instance, sawdust should be put into the silo, no matter 
what preservatives are used, sawdust would be taken out. 


Therefore, as in the case of hay, the higher the original feed . 


value of the crop and the younger the crop or the nearer it is to 
the pasture stage of growth, the more nutritious the resulting silage. 
There is a reasonable limit in respect to maturity, for to ensile a 
crop when very young may, on account of the low yield per acre, 
be economically impractical. Also in the case of alfalfa or some 
other crop, its survival may be jeopardized. 

Furthermore, a succulent young crop may press into such a 
compact, water-logged condition in the silo that too little air or 
oxygen is provided. As a result, respiration of plant cells is pre- 
maturely stopped, leaving a rather low temperature for fermenta- 
tion which, with too little sugar present, results in too little acid 
and favors the development of undesirable coli and butyric acid, 
rather than the desirable lactic acid, organisms. 

Thus when immature crops like alfalfa before bloom or at be- 
ginning bloom, are ensiled, having a dry matter content of from 
only 18 to 22 per cent, a considerable amount of liquid is pressed 
out of the forage and drains away. The actual dry matter percent- 
age loss usually is small, perhaps //, per cent, seldom going beyond 
3 per cent of the dry matter. However, this dry matter being solu- 
ble represents the most easily digestible constituents. The loss of 
protein in such cases is slight; that of carbohydrates and ash, 
greater. The palatability as well as the nutritive value is lower in 
such silage of high moisture content than it would be if the excess 
moisture were first evaporated or were absorbed by dry feed, pre- 
ferably ground grain ensiled with the green forage. This leads us 
to a consideration of the biological processes that make up the 
sequence of silage fermentation. 


How Ensiling Preserves Green Forage. As green plants are put 
into a silo, the living plant cells continue to respire, using up the 
available oxygen of the air with the production of primarily heat 
and .carbon dioxide. The more air is entrapped in the forage, as 
in the case of partly dry forage, the longer is respiration continued 
and the higher is the resulting temperature. But usually after about 
5 hr the oxygen of the air is used up, prompting the living cells to 
use the oxygen of the plant tissues themselves. This is so-called 
intracellular respiration, therefore an anaerobic form of respiration, 
which also has as by-products heat and carbon dioxide, also certain 
amounts of acid and alcohol. Enzymes within the plant tissues like- 
wise are at work, breaking down some of the nutrient material in- 
cluding protein. There is also some bacterial growth in the juice 
from the crushed forage. 

During the increasingly higher temperature created by these 
processes and after the exhaustion of readily available material 
within the plant tissues, the cells die. In the subsequent exudation 
of cell sap, the bacteria that were originally present in large num- 


bers on the surface of the forage develop at a rapid rate, feeding 
on the dead cell contents. If these now contain plenty of sugar, or 
if sugar or other readily fermentable carbohydrates have been added 
for the bacteria to feed on, there usually results a desirable fer- 
mentation, this being a lactic acid fermentation. An acidity of 
about. pH 4.2, when quickly and uniformly established in the silo 
rather effectively prevents undesirable fermentation. 

On the other hand, if the ensiled forage is very wet and readily 
available carbohydrates are absent, the lactic acid bacteria find it 
difficult to subsist, and to a large extent give way to the butyric 
acid and other bacteria that break down protein in their attempt 
at deriving energy for growth purposes, with the result of pxo- 
ducing ill-smelling silage, low in acidity. Such silage frequenily 
is produced at fairly low temperatures, usually not rising above 
about 90 F. Somewhat higher temperatures, rising beyond 100 F, 
favor the lactic acid organisms which are more heat resistant than 
are the butyrics. This will be referred to again later. 

In addition to the production of acid, proteolytic end products, 
and slight amounts of alcohol, there is also some activity by yeasts 
and molds, which latter fungi, however, cease growing with the 
disappearance of free oxygen trapped in the silage material. 

If now there has been sufficient sugar in the green forage, which 
sugar by anaerobic means has been converted to acid, with the 
acidity somewhere around pH 4 or slightly higher, this green forage 
is sufficiently well pickled or preserved to keep satisfactorily for 
many months or years. It will have good color and odor. The 
assumption is that outside air meanwhile has been effectively kept 
from entering the silage, otherwise molding and rotting take place. 

“Ideal” Silage Crops. Corn and sorghum are relatively high in 
sugar and low in protein and make near-ideal crops for the silo. 
Millions of lactic acid organisms are adhering to the surfaces of 
the leaves and stalks of the forage as it is being ensiled, and within 
a few days they convert the fermentable carbohydrates into acid 
that makes for excellent preservation. The best corn silage in the 
observations at Wisconsin has been made when the kernels on the 
ears had just finished denting and when most of the leaves were 
still green. At this stage the green corn had a dry-matter content 
of about 30 per cent. 

Any legumes, like soybeans, that ripen at about the same time 
as corn, or sorghum, suggest themselves for ensiling with these 
crops, and may be ensiled successfully in various proportions, as 
equal parts, or one part of one and two parts of the other. Weeds 
ensiled with corn are utilized better than can be done in any other 
way. Also weed seeds are effectively killed in the silo. 

Legume or Mixed Legume-Grass Silage and Its Problems. \n 
the case of alfalfa or other legumes, also in the case of some grass¢s, 
there is a low sugar and a high protein content, therefore the <e- 
verse of what we have in corn and sorghums. In consequence, the 
lactic acid organisms have a less favorable environment. Too fre- 
quently the butyric organisms, also the coli and other putrefactive 
organisms, gain the upper hand with the result of ill-smelliog, 
“sour”, unpalatable silage. Butyric acid spores from such silage 
escape digestion in the digestive tract of cows, and unless clear !i- 
ness in milking is observed may cause excessive gas formation in 
the production of certain kinds of cheese, if the milk is used ‘or 
that purpose. 

What are we to do by way of helping the lactic acid bacteria? 
Obviously if we feed them what they need for their balanced ration, 
namely, sugar or other readily fermentable carbohydrates, or if we 
provide a means for raising the temperature of the green forage to 
over 100 F, which favors the lactic over the butyric organisms, the 
former are enabled to gain the upper hand in the struggle for sur- 
vival within the silage mass. 

Wilting Method. At least some of these requirements for mak- 
ing satisfactory silage from (Continued on page 390) 
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NICKEL AIDS THE MACHINE TOOL INDUSTRY 


tro KEEP £m WorKING ! 


Everyone marvels at the speed of 
American production for war... 


But how many realize that much of 
the credit should go to machine tool 
designers? 

They are the ones who created the 
tools for doing the job. 

They’re making production miracles 
commonplace...with the most efficient 
machine tools that ever whipped raw 
material into finished product. 


And the secret? For one thing, they 
try to design each component part of 
a machine so that it outlasts the ma- 
chine itself. 

They know that failure of a single 
machine in a mass production setup 


might bring whole assembly lines to 
a stop. 


So they lean heavily on Nickel al- 
loyed materials for the critical parts 
of machine tools. 


Over the years they have learned 
that Nickel contributes toughness, 
strength, and fatigue resistance... 
properties vitally essential to many 
different kinds of tool parts... from 
grinder frames to tail shafts, from gears 
and spindles to drill chucks and lathe 
beds. 


In the industries which use machine 
tools, it’s an axiom that “a little Nickel 
goes a long way” to keep ’em working. 


Whatever your industry may be... 


if you want help in the selection, fab- 
rication, and heat treatment of alloys 
... Wwe offer you counsel and data. 


New Catalog Index 


New Catalog C makes it easy 
for you to get Nickel litera- 
ture. It gives you capsule 
synopses of booklets and bul- 
letins on a wide variety of 
subjects — from industrial ap- 
plications to metallurgical 
data and working  instruc- 
tions. Why not send for your 
copy of Catalog C today? 


* Nickel * 


TRE INTERNATIONAL NICKEL COMPANY, INC., 67 wall st., New York 5,N.Y. 
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legumes or mixed legumes and grasses are met by partial drying or 
wilting in the field. By this means, the fermentable carbohydrates 
seem to be concentrated to a certain extent; at any rate, the green 
forage is sufficiently dry as to bulk up somewhat more in the silo, 
thus trapping a certain amount of air which prolongs plant cell 
respiration in the silo and raises the temperature to a higher level 
than would have been the case if the freshly cut, succulent forage 
were immediately ensiled, to result in a water-logged condition 
which shortens the time of plant respiration. When preservatives 
are scarce or high-priced, the wilting method, or letting freshly-cut 
forage lie in the swath for 2 or 3 hr in the sun, or several times 
as long as that during cloudy weather, is the method to be recom- 
mended. Crops in late bloom when they may have 30 per cent or 
more dry matter should not be wilted but rushed to the silo im- 
mediately after being cut in the field. Even without preservatives, 
a forage having from 30 to 40 per cent or slightly more dry matter 
makes at least fair silage, provided that the ensilage cutter is set 
for a short cut and the material in the silo is well distributed and 
tramped. It is then also more important than with succulent forage 
that the silo walls be air tight. 

Ground Grain or Other Absorbent. lf instead of wilting a 
succulent early growth of forage, some 150 to 200 lb ground corn 
or other ground grain are added per ton of green forage, thus 
raising the dry matter to around 30 per cent, a favorable condition 
is provided for the lactic acid organisms. They appear able to 
convert some of the starch into acid. Furthermore, on account of 
the presence of ground grain, the resulting silage is more palatable 
for the livestock. 

Molasses or Acid. Or if a liberal amount of sugar, as carried 
by molasses is added to the green forage at the time of ensiling, 
the lactic acid organisms can in that way feed and multiply and 
produce the preservative acid. Or if acid is added direct to the 
forage, as through the addition of phosphoric acid or the mixture 
of hydrochloric and sulphuric acids, which is done in the A.1.V. 
process, the required acidity is automatically established. By such 
means best preservation of carotene is obtained. In any event, it 
is best not to have green forage ensiled in such a high state of 
succulence as to result in a considerable loss of liquid, which car- 
ries away some of the richest or most digestible parts of the forage. 
This distinctly does not mean that a crop should be mature, per- 
haps in the late-bloom or past-bloom stage, before it is ensiled, for 
by that time the crop has lost much of its protein, carotene, and 
other valuable nutrients. 

While at present there seems to be a trend away from the use 
of preservatives, experiments and farm observations have proved 
their value. Most farmers making grass silage are aware of the 
need for a preservative and would willingly use one if it were 
reasonably cheap and conveniently mixable with the forage. 

Inoculation. The use of germ preparations on freshly cut forage 
in the silo has in Wisconsin tests not proved effective in bringing 
about better preservation. Green forage as ensiled is seeded with 
millions of microorganisms, including lactic acid bacteria, and it 
is far more important to provide favorable conditions for growth 
of those already present in abundance than that a certain inoculum 
of such organisms be applied periodically during the progress of 
filling. 

Use of Salt. Adding 5 to 10 lb of salt per ton of green alfalfa 
has in Wisconsin tests made no noticeable improvement in the 
acidity or carotene preservation in the silage, but has been observed 
to improve slightly the palatability of alfalfa silage. 

Filling the Silo; Length of Cut; Packing. Where good pre- 
servatives for grass silage may of necessity not be used, we may find 
the following procedures helpful: (1) Ensile succulent early growth 
slowly, if possible filling two adjoining silos by alternating every 
day or half day. Use the longest possible cut or even no cut at all, 
so as to reduce the amount of liquid exudate. A long cut or un- 
cut forage traps that much more air, thus favoring cell respira- 
tion and a rise in temperature which, up to a certain degree, is 
favorable for proper fermentation. This also suggests that such 
very green, chopped forage preferably should not be tramped in the 
silo but left to distribute itself by coning up in the center of the 
silo and toppling over during the progress of filling. (2) Ensile 
mature growth, or wilted forage, rapidly. Wilted forage or un- 
wilted mature and therefore fairly dry forage is inclined to bulk 
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up in the silo and trap too much air, with the result of excessively 
high temperature, severe destruction of carotene and other nutrient 
material, and development of mold growth. For ensiling such :na- 
terial having a moisture content of only 65 per cent or less, the 
ensilage cutter should be set for the shortest possible cut, prc‘er- 
ably a quarter-inch cut which packs the material more tightly » ith 
less air spaces. The knives should be kept sharp and nicely ad- 
justed to the shear plate. The silo should be filled rapidly to put 
as much of the material under pressure as quickly as possible. 
Practically speaking, one cannot apply too much pressure to such 
comparatively dry forage. This objective of heavy compacting would 
be aided by having a man or two in the silo to distribute ind 
tramp the chopped material. All of these factors — rapid filling, 
the short cut, and thorough distributing and tramping — cut down 
the amount of air that is entangled in the relatively dry forage «ad 
prevent excessive heat and nutrient losses. 

Aside from the question of length of cut for best preservation, 
dairy cows have indicated their preference for a relatively short cut 
in corn silage, that is, a 44 to ¥%-in cut. The greener or lea ier 
the forage, the longer the cut can be and still suit the cow. Early 
growth of grass or legume can even be uncut. 

Field Harvester Problems. Unless a field chopper is equipped 
with a pickup device for ensiling wilted forage (or for chopping 
thoroughly field-cured hay in windrows), no wilting can take place 
between the time of mowing in the field and putting the chopped 
forage in the silo. Hence it is necessary to cut the crop at the 
right stage — not too succulent, for then there would be an exccs- 
sive loss of liquid and a poorer quality of silage. On the other 
hand, as emphasized previously, the crop should not be too mature 
and dry, for with tall coarse forage it may not be as easy as with 
a stationary ensilage cutter to obtain a short cut which enables the 
silage to pack better, thus reducing the amount of air in the material. 

The use of corn-and-cob meal or ground grain of any sort may 
during early season grass silo filling absorb sufficient moisture to 
prevent escape of liquid and to improve greatly the quality of the 
resulting silage. Adding 200 lb of corn-and-cob meal to a ton of 
succulent grass with 23 per cent dry matter, which therefore under 
pressure would lose liquid, will raise the dry matter to about 30 
per cent where little or no liquid is lost. 

The use of from 150 to 200 lb of hay or other dry roughage as 
absorbents for surplus moisture has in several Wisconsin tria 
given rather good results, although not resulting in as palatable 
forage as when ground grain was used. 

“Small Batch” Problem. It has been hoped all along that sur- 
plus pasture during peak production of early June, or relatively 
small tonnages of surplus pasture at other times of the growing 
season, might be cut in the field and put into a silo. But the prac- 
tice of ensiling small batches, or ensiling several times during a 
season, perhaps weeks apart, presents a problem of heavy top spoil- 
age. To make possible the successful ensiling of small tonnages of 
this sort, a convenient temporary seal and pressure device is need«d. 
Some years ago the author proposed the general idea of a rubber- 
ized fabric or other watertight bag, easily filled and emptied of 
water by pumping and siphoning, and of a size suited to the diam- 
eter of a silo, to provide the pressure which is a definite factor in 
the preservation of silage. This has not to our knowledge been 
actually tried anywhere. 


Storage. The nutritive value of silage is little affected by the 
particular silo used, whether pit, trench, or tower silo, so long as 


w 


; ; ; : ee” 
the container keeps air from entering the silage. However, pressure 


is a helpful factor in controlling the amount of air trapped in (he 
forage, and consequently the amount of respiration, with its ‘¢- 
sultant heat. Hence a wilted or relatively dry forage suggests its lf 
for a tower silo better than for a trench silo, unless the latter wre 
to be covered immediately with a heavy layer of soil. Merely con- 
sidering the quality of the bottom layer of silage in a tower s!.0, 
drainage is of little importance. A dirt floor is satisfactory. 

Baling fresh grass or alfalfa and stacking this material rater 
tightly in stacks of 9 to 15 tons has resulted in a lot of moldy .nd 
rotten material in tests at the University of Wisconsin and the Ox- 
ford University School of Agricultural Engineering. The wastige 
in both cases seemed to be even greater than is incurred in ordinary 
stack silage. 


Palatability. The palatability of the forage that is put into the 
silo rather than the preservative used (Continued on page 392) 
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determines the palatability of the silage. Too much faith should not 
be put into the particular agent used for preservation, whether this 
be molasses, phosphoric acid, A.I.V. acid, powdered or evaporated 
whey, ground grain, or any other preservative. Most grass silages 
are not as palatable as corn silage, which is one of the most, if not 
the most, palatable of all silages, even though not containing very 
large amounts of protein and carotene. 

Effect on Livestock. While cattle and other livestock fed good 
hay get along very well without silage in their ration, it may be 
taken for granted that really good hay is a scarce article on the 
average farm. To be sure there is also too much spoiled or low- 
quality silage throughout the country. But it may safely be stated 
that where grass silage and hay are compared, the grass silage on 
the whole is the better roughage. This fact has impressed itself 
upon the author when comparing grass silage with hay made from 
the same field during the same haying season on a number of farms 
in southern Wisconsin. 

In many cases, deficiency diseases in young stock toward the 
end of winter may be avoided by supplementing the ordinary coarse 
and discolored hay with grass silage which compared with hay far 
more often has its carotene and other protective nutrients preserved. 
Consumers of milk from cows fed silage, whether corn silage or 
grass silage, enjoy this added protection of high carotene and vita- 
min A content of the milk. Well preserved grass silage has in- 
creased the vitamin A content of milk from 50 to 100 per cent 
over that of milk produced on ordinary winter rations. 

On the average farm, silage for reasons stated may be expected 
to increase milk production as well as increase the food value of 
the milk. Dairy cows have readily eaten and have thrived on ra- 
tions containing either hay or silage as the only roughage. That 
being the case, it is easily appreciated that various proportions of 
hay and silage are satisfactory. Frequently about the same amount 
of dry matter is fed by way of the two roughages, therefore about 
1 lb hay to 3 |b silage. But in the case of grass silage, frequently 
two or three times that amount of silage is fed, or therefore 6 or 
9 times by weight as much silage as hay. It is held that at least a 
little sun-cured hay is desirable in the winter to provide the anti- 
rachitic vitamin D, unless the cattle are exposed fairly frequently 
to outdoor winter sunshine. 

While silage is more commonly fed to dairy cattle than other 
livestock, it is well known that beef cattle, sheep, and horses do 
well on it. In recent years grass silage is mentioned more and more 
as part of winter rations of brood sows and chickens. 


SUMMARY 

Acidity in silage tells more about quality in silage than any 
other chemical test. 

High temperatures in silage are destructive of nutrients, but a 
temperature up to a level of about 100 F may at times be helpful 
in providing satisfactory silage. ; 

Because of being mostly a matter of respiration, the tempera- 
ture may be largely controlled by the maturity of the crop, by 
wilting, by length of cut, by rate of filling, and by packing or 
compression. 

The greener or more succulent the crop, the longer the cut can 
afford to be, also the slower the rate of filling and the less the 
amount of tramping. The reverse is true with a relatively dry or 
mature forage. It is almost impossible to pack this too tightly. 

Only when suitable preservatives are scarce or high-priced is 
the wilting method to be recommended. 

The use of salt or inoculation as an aid to preservation has been 
ineffective. 

The type of silo is important only in so far as it excludes air 
and provides means for compression of the silage. 

Drainage is not important so far as quality of the silage is 
concerned. 

A field chopper harvesting succulent grass makes ground grain 
as a moisture absorbent desirable. 

Silage in rations increases milk production on the average farm. 
Properly prepared silage increases the vitamin A content of milk 
from 50 to 100 per cent. 

Small silos equipped with pressure devices for processing extra 
leafy grasses and legumes suggest themselves for providing high- 
carotene winter feed for pigs and poultry. 
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is a machine with mechanism already built into it; that if removed it 
would increase the capacity of that machine at least 10 to 60 per cent, 
Since some two-row planters have over 200 separate pieces 
solely for the purpose of checkrowing corn to obtain a more efec- 
tive control of weeds, there seems to be a distinct challange to all 
cultivator engineers. If the 200 pieces were taken off and added to 
the cultivator, making a cultivator that could control weeds in the 
rows, a definite contribution would be made to agriculture. 
DATA ON TIME CONSUMED BY CHECKROW PLANTER USING 
BOTH TENSION METER AND PAYOUT STAKES 
Tension meter Payout stake 


20 rods 3% mph 5%mph 3%mph 5mph 
Stake setting time, min 1.00 1.00 1.5 1.5 
Planting time, min 1.08 -76 1.07 -75 
Total time, min “2.08 “L716 “2.57 “2.25 
1.76 2.25 
Time saved, min 0.32 “0.32 
Increase, per cent 15.8 12.5 
Stake setting of total time, 
per cent _ 48 57 58.3 67.5 
Planting time, per cent 52 43 41.7 32.4 
40 rods 
Stake setting time, min 1.00 1.00 1.50 1.50 
Planting time, min 2.15 1.50 2.15 1.50 
Total time, min 3.15 2.50 “3.65 3.00 
2.50 3.00 
Time saved, min 0.65 0.65 
Increase, per cent 20.6 17.8 
Stake setting of total time, 
per cent 31.8 50 41.1 50 
Planting time, per cent 68.2 50 58.9 50 
60 rods 
Stake setting time, min 1.00 1.00 1.50 1.50 
Planting time, min 3.24 2.26 3.24 2.26 
Total time, min 4.24 3.26 4.74 3.76 
3.26 3.76 
Time saved, min 0.98 0.98 
Increase, per cent 23.2 20.6 
Stake setting of total time, 
per cent 23.6 30.7 31.7 39.8 
Planting of total time, 
per cent 76.4 69.3 68.3 60.2 
80 rods 
Stake setting time, min 1.00 1.00 1.50 1.50 
Planting time, min 4.30 3.00 4.30 3.00 
Total time, min 5.30 ~ 4.00 5.80 “4.50 
4.00 4.50 
Time saved, min 1.30 1.30 
Increase, per cent 24.5 22.4 
Stake setting of total time, 
per cent 18.9 25.0 25.9 33.3 
Planting of total time, 
per cent 81.1 75. 74.1 66.7 
100 rods 
Stake setting time, min 1.00 1.00 1.50 1.50 
Planting time, min 5.39 3.78 5.39 3.78 
Total time, min 6.39 4.78 6.89 “5.28 
4.78 5.28 
Time saved, min 1.61 1.61 
Increase, per cent 25.2 23.4 
Stake setting of total time, 
per cent 15.7 20.9 21.8 28.4 
Planting of total time, 
per cent 84.3 79.1 78.2 71.6 
120 rods 
Stake setting time, min 1.00 1.00 1.50 1.50 
Planting time, min 6.48 4.52 6.48 4.52 
Total time, min 7.48 5.52 7.98 2 
_ 5.52 6.02 
Time saved, min 1.96 1.96 
Increase, per cent 26.2 24.6 
Stake setting of total time, 
per cent 13.4 18.1 18.8 24.9 
Planting of total time, 
per cent 86.6 81.9 81.2 75.1 
140 rods 
Stake setting time, min 1.00 1.00 1.50 1.50 
Planting time, min 7.55 5.28 7.55 5.28 
Total time, min 8.55 6.28 9.05 6.78 
6.28 6.78 
Time saved, min 2.27 2.29 
Increase, per cent 26.6 25.1 
Stake setting of total time, 
per cent 11.7 15.9 16.6 22.1 
Planting of total time, 
per cent 88.3 84.1 83.4 77.9 
160 rods 
Stake setting time, min 1.00 1.00 1.50 1.50 
Planting time, min 8.60 6.00 8.60 6 00 
Total time, min 9.60 7.00 10.10 7.50 
_7.00 _7.50 
Time saved, min 2.60 2.60 
Increase, per cent 27.1 25.8 
Stake setting of total time, 
per cent 10.4 14.3 14.9 20.0 
Planting of total time, 
per cent 89.6 85.7 85.1 80.0 
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w_-BUBAL DWELLING FIRES 


JUILDERS OF BEAN HIGH-PRESSURE PUMPS FOR OVER 60 YEARS 
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ED IN 


TUAL FIRE FIGHT 


ON HRE SAVED BY 


Fire Losses Reduced "Way Below Average by FMC 
High-Pressure Fire Trucks in Kent County, Michigan 


Look at the record! In the past year the 
Kent County organization made 201 
rural runs with FMC High-Pressure Fog 
Fire Fighters. Property on fire saved— 
$226,985.00—besides the thousands of 
dollars of exposed property saved. Total 
losses just 1l—only a fraction of the 
rural average. 

The report shows, beyond the ques- 
tion of a doubt, that a volunteer fire 
organization — equipped with FMC 
High-Pressure Fog Fire Fighters — can 
handle all types of fires. 

’s the 600 lb. gun pressure! FMC 
High Velocity and Finely Atomized 


FMC HIGH-PRESSURE FOG 


Water! Just what you need to blast, 
cool and smother flame! 

One gallon of this finely-atomized 
water fog, properly used, has the fire- 
quenching possibilities of many times 
that of low-pressure water. But remem- 
ber — only the FMC High-Pressure Fog 
Fire Fighter packs the needed punch to 
produce and maintain 800 Ibs. pump 
pressure — 600 Ibs. nozzle pressure. No 
experimenting to be done by you 
because of unproved new ideas. 

Get the facts about this new and rev- 
olutionary fire-fighting technique. Get 
ready to modernize — now! 


Insist upon 600 Ibs. gun pressure fo 
get the multiple efficiency with small 
amount of water and no waterdamage. 


HANDLES ALL TYPES OF FIRES 


Stores Factories 


Residences Blower Systems Sawdust Piles 
Quenching Tanks Airplanes 
Oil Fires Airport Hangars 
Transformers Hotel Fires Gas 
Chicken Houses Restaurants Gasoline 
Forest Fires Night Clubs Grass 


Grain Fields Gas Stations 


-ote Sh ra 
Ceemseaeenns< a ae 
rei, & 


FMC <c= HIGH-PRESSURE FOG FIRE FIGHTER 


CAN BE MOUNTED ON MOST STANDARD TRUCK CHASSIS 
FOOD MACHINERY CORPORATION 


Word a co Trucks 
B Lumber Yards arehouses 
Silos Bakeries Bowling Alleys 
Farm Houses Paint Booths Tar Kettles 


STANDARD FMC FOG FIRE FIGHTER. 
A self-contained fire-fighting 
unit. Carries its own water sup- 
ply and complete fire-fighting 
equipment. Provides two guns 
of 30 gallons each at 600 Ibs. 


and many others § nozzle pressure. These guns 


proven for years in actual fire 
fighting. 


John Bean Mfg. Co., 700 Hazel St., Lansing 4, Mich. + Bean-Cutier Division, 400 Julian St., San Jose, Calif. 
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A Buffalo Grass Seed Drier 


By L. C. Aicher 


to be developed if the new program of vernalization of buf- 

falo grass seed to step up germination was to be accepted 
generally by producers and dealers. In fact, the maximum utiliza- 
tion of this valuable grass hinges upon proper treatment of seed 
and a practical method of drying the seed after treatment. The 
normal germination of newly harvested buffalo grass seed ranges 
from 7 to 10 per cent. This natural dormancy must be broken by 
seed treatment to bring about satisfactory germination. The best 
treatment thus far found to break this dormancy consists of soaking 
the seed for 24hr in a 0.5 per cent solution of saltpetre, chilling 
in a refrigerator for six weeks at a temperature of 40 F while 
moist, and then drying immediately when removed from the re- 
frigerator. 


A rotary drying machine was constructed at this station in the 


F. & becevet for rapidly drying large quantities of seed had 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 


Contribution No. 41 of the Fort Hays Branch of the Kansas Agricultural 
Experiment Station. 


L. C. AICHER is superintendent, Fort Hays Branch, Kansas Agricul- 
tural Experiment Station, Hays, Kans. 


fall of 1942 for the purpose of drying buffalo grass seed and con- 
siderable seed was dried with the machine, but it lacked capacity 
and satisfactory control. Much useful information, however, was 
obtained during its operation which proved helpful in developing 
the drier described in this article. 

The Fort Hays buffalo grass seed drier consists of two units 
each having four slow-traveling screen wire cloth conveyors over 
which hot dry air from gas unit heaters is forced to remove the 
moisture from the wet seed. These two drying units were con- 
tained in one large enclosure, in one end of which was installed 
an exhaust fan to remove the moisture-laden air. In the opposite 
end intake openings were provided for hot air supplied by three 
gas unit heaters. The seed to be dried is dropped on the top con- 


- veyor screen through two 42-in adjustable-roll feed hoppers. 


Conveyor Construction. Two frames 6ft in height, 41/ ft in 
width and 25 ft long were constructed of 2x4 and 1-in lumber. 
Four pairs of 1-in oak strips 24 ft long, for top and bottom slides 
upon which the chains of the 4-ft screen wire conveyor units rest 
and slide, were mounted (Continued on page 396) 
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HESE FARMERS are having 

trouble. The year-after-year job 
of supplying the food necessary to 
fight a war has taken its toll. Tools 
and machinery are breaking down 
more often now, replacements are 
hard to get. Buildings are showing 
signs of wear—patch-work repairing 
is not going to last much longer. 

We both know that the produc- 
tive, money-making farm must be 
well equipped. This means steel. 
Steel to weatherproof barns and silos, 


to make dairy buildings clean and 
sanitary, to protect valuable tools. 
Steel for modern, high production 
machinery. 

War has proved the versatility of 
steel. For tools and machinery, for 
economical, long-lasting farm struc- 
tures, for low-cost drainage and for 
rural electrification, steel is unex- 
celled. No other material can do so 
many jobs so well. 

Through extensive research and 
experimentation, U-S-S_ metallur- 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 
AMERICAN STEEL & WIRE COMPANY, Cleveland, Chicago and New York 


United States Steel Export Company, New York 


U-S:S Steel Roofing and Siding 
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gists and engineers have provided the 
widest possible range of steels. The 
improved steels they have developed 
and their intimate knowledge of 
steel’s potentialities are becoming 
available for better farm buildings, 
machinery and equipment as fast as 
war needs are satisfied. 


If you are an agricultural engineer 
or a manufacturer of farm machin- 
ery, equipment or structures, we in- 
vite you to consult with our ‘staff of 
technicians. They can give practical 
help in solving present and future 
problems. 


Se ae Pe ee Cm ee Re pe a 
es) oa eee OBES a eae eo sae oo Sa Baye! Zara a Paap fer cy ate Foe at aria? ean make see 
_ ; Sa eee a 3 eee ace rath oe ee * re ieee aimee oem 
ko ee ll eee RRM a yo RENEE es SES BE SES eee 
“é 
‘ . 
| 
j Ce ———————— q stamens S| S 
rt E 
: Th "$s a jo here.-- ea 
174 1 and US $$ = | 
i as eal... peor 
: Re J fer sit ey Nate ete a ea ce — ti : 
._ oe ee wae eT ha _ - 
-_— @ - § hase deh ot 8 ag Felt. a 
Bos oS Se Pr ines Pet 9a yi S ht . ee ‘ 4 faa 
a oe as , sn ee a Vee: eis : ‘ j ab i. > ark al . 
a Sh eel te pea ae aC + : > 
Ce Pes al Hah ek ati ih, — Se | ae ee 
- == gQ ae rr Be if Pa : oo eee. 
FC aS t— ; Sear WS dh :. ; ida OS bs 
| te, MG tee) Pet i bs een eee Vi 46a 6|N @ : 
; ae ez a oe ies Ree o@ b8~ ‘ por mee pee shan 4 . Bae aN 4 SEA 4 - 
3 F ae : - ee Me 4 ee : as all ¥ “~ Bi i a 4 ae P, - Sa “ ex a 
ee A f mil 4a Af est : oe 
i= = il aa % : ' : i | : t 1 t by a ‘ ; ’ ey pes ‘ i : ot ae 4 : oe 
e | | i re Res ee a at @ ag 3 ; iy i £ Ma j 4 : Don ; | : oe ee es: ae : Oe : , : : 
4 yao i Tae om ! 1) — Re 
, fae mugen: ie PF lees Veil ee 
< Se eee * 4 < 9 , : ¥ a we : j 
Ee ET a he “ies 1) Age | 
eS DN Se errr ll | | 
os Shige ; Se lhe Lee : wah a... Bea at, antitht 
t te ae ene nada , 4h FUL 4 ied r >» a ie. be EES IE, nn 
\F We: ae Ai peer is ae’ ,/ Le ae ad) 2 pai es ! 
ry eas — Ae é; bata we Te Pata : i 
be ron E \ ae =) ee ae 2 Fe eee eee 
cd iF . ae A site Sig % om Bs a - F "a “ . | j 
al Mii) ie — OE SS get A : 
fy mukageen RN, RF 
i Dewi See ES lan | as ey rey ee ¥ 7s TA. 0 i gm 
) i+ wc Fs. at “See a ‘ j ee, y AX Bers, ae ee  * Isc a Ot yo ten PP ; j 
" Byer oS APE oe 5 - a ee ae aS Se a oid Bons eae aaa — 3 ; 
J ag pig +a sae a ; See al Se ee cae ee ; ; é; 
J ae atin me PA OSE Gea 
i Es at ne ee eg 4 5 oe we ee se a — ay Pre oe Ay bee fey a a F y $ ee | 
—et | eee a. oan” {PER sich SS aie Ras Us i a Gea P 
Ip 
i 
, ae 
, 
q UNITED 
{ ’ 
|! STATES 
hy | | ° 
4 STEEL 
it e wth ° Cn . : 
= oO4 ChneCucan CHntvid 
a = ¢ 
ee 395 
wee eee a ——— (ES a ee a Se ee 


356 


FEPS HCPPER : 


End view of the Fort Hays buffalo grass seed drier 


at proper places on the inside of both sides of each frame unit. 

Number 34 malleable link chain was used in making up the 
4-ft wide endless belt type of conveyors. Right and left malleable 
attachment links, respectively, were inserted at 14-in intervals along 
the right and left side conveyor chains. One-inch square oak slats 
4 ft long were bolted to the under side of these attachment links. 
This underside mounting was deemed necessary to prevent excessive 
strain on the screen wire cloth. 

Bearings for the four conveyor shafts were installed at each end 
of each frame as follows: (1) The top conveyor bearings were 
placed in the upright 2x4’s forming the end of the frame and 12 in 
below the top of the frame. (2) The bearings for the number two 
conveyor were dropped down 14 in below the top conveyor bear- 
ings and staggered back 16 in from the end 2x4’s. This required 
the insertion on each side of each frame of a two-foot piece of 
2x6 to strengthen the frame and at the same time provide material 
in which to make a 4-ft slot wide enough to permit the bearing 
housings to slide. Chain tightener adjusting bolts were attached to 
these bearing housings to take up slack in the conveyor chains. (3) 
The bearings for the number three conveyor were placed in the 
same upright 2x4’s in the end of the frame in which the top bear- 
ings are located and 14 in below the number two conveyor bearings. 
(4) The number four conveyor bearings were located 14 in below 
those of number three, vertically under and installed in the same 
manner with tightener adjusting bolts as those of the number two 
conveyor bearings. 

The bearings on the opposite end of the frames were installed 
in similar manner to those above noted, except that the top and 
number three conveyor bearings were staggered back 16 in from 
the end of the frames and the number two and number four bear- 
ings were installed in the upright 2x4’s in the end of the frame. 

Four 15/16-in shafts with two sprockets on each were installed 
in the bearings at each end of each frame. The chains with slats 
attached were then put in place and tighteners adjusted. These 
conveyors were then run several hours to stretch the chains and 
break them in a little. After this breaking-in process the 4-ft gal- 
vanoid screen wire cloth was carefully unrolled in position on the 
conveyor slats and tacked to the slats, care being exercised not to 
get it on too tight in event of additional stretch in the malleable 
chain which might break the wire. 

By staggering the location of the conveyors within the frames 
and reversing the direction of travel of the number two and num- 
ber four conveyors it was possible to assemble the equivalent of a 
100-ft conveyor within the space of 25 ft in each frame. When 
the seed traveling on the screen reached the end of the top con- 
veyor, it dropped off on to the number two conveyor and in turn 
to number four where it was carried to the end and dropped to the 
floor. The seed was dry when it dropped off the last conveyor and 
was then shoveled into bags. It was originally planned to install 
an auger type conveyor to elevate the dried seed into bags, but the 
operator had plenty of time to handle the dried seed so the auger 
was omitted. 

All the conveyors were run at the same speed and were timed 
to travel the full length of the 25 ft in 30 min. Hence, the time 
required for the seed to travel the full length of all four conveyors, 
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from the moment the wet seed from the feed hoppers first dropped 
on the top conveyor screen until the seed dropped off the bottom 
conveyor as dried seed ready to be sacked, is two hours. The capa- 
city of the twin-framed drying unit during the months of February, 
March, April, and May, with much snow, rain, and damp cloudy 
weather, was 100 lb of dried seed per hour. It was found more 
economical to run the drier 24 hr per day, each attendant working 
a 12-hr shift. 

Driving Mechanism. \n order to run the conveyors at the pro- 
per speed it was necessary to arrange for a speed reduction of from 
1725 rpm on the 14-hp motor to 50rph on the conveyor shaft. 
This was accomplished by making up a speed reduction unit of 
several series of pulleys and sprockets. Four sets of V-belt pulleys 
with pulley ratios of 3in to 12 in on the driver and driven, re- 
spectively, and two sprocket-wheel units were installed. The frst 
sprocket combination consisted of an 11-tooth sprocket on the 
driver and a 38-tooth sprocket on the driven. Changes to get the 
desired speed for the conveyor were then made on the last set of 
sprockets. The final sizes provided were a 10-tooth sprocket for 
the last driver and 30 teeth for the last driven sprocket, the latter 
turning the shaft of the conveyor. 


Brushes. Eight sets of brush units of fifteen brushes each were 
installed above each conveyor to stir the seed as the conveyor moved 
along. By staggering every other row of brushes all the seed on 
each conveyor is moved eight times while in transit from one end 
of the conveyor to the other. This frequent stirring exposed all of 
the seed on the conveyor to the hot dry air passing over the screens 
and thereby hastened drying. The brushes are made of fiber hence 
do not damage screen wire cloth over which they continually rub. 


Feed Hoppers. Two Clipper adjustable-roll feed hoppers each 
42 in wide were installed to feed the wet buffalo grass seed on to 
the screen wire cloth conveyors. By removing all shafts and gears 
from these feed hoppers, except the one used to actuate the feed 
roller, it was possible by belting direct to one of the conveyor 
shafts to operate the rollers at optimum speed. The shafts operat- 
ing the two rollers were united by means of a flexible-joint con- 
nection thereby permitting both rollers to be operated from the 
same drive pulley. The roll feed hoppers handled the properly 
cleaned and processed seed very satisfactorily. One lot of poorly 
cleaned seed required considerable adjusting of the roll feed hoppers. 


Heat and Temperature. A battery of three unit gas heaters 
potentially delivering a total output of 275,000 Btu per hr were 
installed at one end of the drier enclosure to furnish the heated 
air to dry the buffalo grass seed. These ran continuously for 24 hr 
per day and consumed an average of approximately 325 cu ft of 
gas per hour. The efficiency of the heating units could be con- 
siderably increased if the enclosure could have been made of wood 
or insulation material. At the time construction work was done 
only sheet metal was available. 

The temperature inside the drier varied with the temperature 
and humidity of the outside air and the amount of air removed 
from the enclosure. However, satisfactory drying of the seed was 
accomplished when the temperature inside the enclosure was 90F 
or above. 

The highest temperature permitted inside the enclosure was 
126 F which occurred on May 17, a warm sunshiny day with out- 
side temperatures around 80 F. When the inside temperature of 
126 F was reached, one of the gas unit heaters was cut off to avoid 
injuring the seed. ; 

A 12-in exhaust fan operated by a 14-hp electric motor was 
used to remove the moisture-laden air from the enclosure. During 
the cold months it was difficult to get the temperature in the en- 
closure much over 100 F but satisfactory drying was accomplished. 
An auxiliary fan was installed to aid in removal of the moisture- 
laden air in spring and summer. It could not be used, however, 
during the cold weather because it lowered the temperature inside 
the enclosure and reduced the efficiency of the drying unit. 

Moisture Reduction. The soaked buffalo grass seed when taken 
out of the refrigerators to be dried contained approximately 83 pet 
cent of moisture by weight on the dry basis. From 80 to 83 pet 
cent of this moisture was driven off during the drying process, 
depending upon the temperature reached inside the enclosure. More 
could have been driven off if the amount of seed being fed on the 
screen conveyor had been slightly reduced. The dried buffalo grass 
seed containing from 14 to 16 per cent (Continued on page 402) 
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= rat that can get into his cribs or bins eats or 
spoils 150 pounds of grain a year, according to gov- 
emment figures. If he boards 14 rats—and many 
farmers have more—he’s lost the market price of 
more than a ton of grain. Worse, he has also lost the 
time and labor spent growing and harvesting it. 
Consider then the labor and money that farmers 
save with steel storage buildings. All losses—rats, 
fires, winds—average less than 1% of 1 per cent. 


TIME IS A CROP. Steel bins and cribs illustrate the 
point that you have been stressing with your farmer 
frends for years—that time is their most valuable 
asset. Today you may be advising them on planning 
their winter time: Or you may be helping manufac- 


| turers develop even more efficient farm equipment... 


or prefabricated steel buildings scientifically designed 


to house livestock and store crops safely at low cost. 
Many of these products will last longer, look better 
and require less upkeep because they will be made of 
Armco special purpose sheet steels. 


FOR BETTER EQUIPMENT. For instance, ARMCO 
ZINCGRIP is a special zinc-coated sheet that can be 
severely formed or drawn without peeling or flaking 
of the coating. It has been widely used in stock tanks, 
poultry equipment and formed parts of farm machinery, 

Another steel, ARMCO Galvanized PAINTGRIP, has 
a special Bonderized coating that takes and preserves 
paint. It has proved its worth in combines, corn 
pickers and other painted farm equipment. For fur- 
ther information on Armco special purpose sheet 
steels, write to The American Rolling Mill Company, 
3271 Curtis Street, Middletown, Ohio. 


HELP FINISH THE FIGHT—WITH WAR BONDS 


Special Purpose Sheet Steels FOR TOMORROW'S FARMING 
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A sanitary concrete floor and new concrete 
masonry walls converted this old farm structure 
into a modern dairy barn. New concrete milk 
house (at left) was built at same time. 


JONCRETE 
RESTORES 


for years more service 


This old dairy barn, which was fully restored with 
concrete to function for many years more, is an 
example of the helpful service being performed by 
agricultural engineers. 

Farm structures, like factories, are vitally impor- 
tant equipment. 

Many essential facilities which save labor for the 
farmer, help him produce and preserve more food, 
can be built of concrete without the use of critical 
materials. 

‘Such necessary improvements as sanitary milk 
houses, concrete dairy barn floors, paved barnyards 
and feeding floors or firesafe, ratproof storehouses 
are more important than ever before. 

Our engineers, backed by facts gained from years 
of scientific research and field experience, are ready 
to help you on any concrete farm building design or 
construction problem. 


PORTLAND CEMENT ASSOCIATION 
Dept. 10-1, 33 W. Grand Ave., Chicago 10, Ill. 


A national organization to improve and extend the uses of 
concrete... through scientific research and engineering field work 


BUY MORE WAR BONDS 


SS SEER ON ES RS 
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NEWS SECTION 
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A.S.A.E. Meetings Calendar 


December 6, 7 and 8 — Barn Hay Curing Conference (spon- 
sored by Southeast Section), Andrew Johnson Hotel, 
Knoxville, Tenn. 


November 16 —Pennsylvania Section, State College, Pa., 
February 19 and 20 — Southeast Section, Atlanta, Ga. 
June — Annual Meeting. 


Barn Hay Curing Conference 


HE Southeast Section of the American Society of Agricul: ural 

Engineers, in cooperation with the Society’s Committee on Hay 
Harvesting and Storage, is sponsoring a three-day conference on barn 
hay curing to be held in Knoxville, Tenn., December 6, 7 and 8. 
The conference sessions will be held at the Andrew Johnson Hotel. 
Non-members as well as members of A.S.A.E., interested in the 
subject of the conference, will be welcome. 

Hotel reservations in connection with this conference shoul: be 
made direct with the hotels — and as early as possible. Suggested 
hotels and their rates are as follows: Andrew Johnson Hotel — 
single, $2.75 and up; double, $4.95 and up. Farragut Hotel — 
single, $2.50 and up; double, $4.00 and up. Arnold Hote! — 
single, $2.50 and up; double, $3.50 and up. 

On the first day of the conference, December 6, an inspection 
trip is being arranged for all those interested to visit a typical 
farm installation for barn curing of hay near Knoxville. All who 
expect to take this trip should notify C. J. Hurd, Tennessee Valley 
Authority, Knoxville, in advance. 

Both the forenoon and afternoon sessions of the conference on 
the second day, December 7, will be devoted to round-table discus- 
sions of the principles of barn hay curing, covering such pertinent 
phases of the subject as duct system design for loose hay, operation 
and management, use of artificial heat, drying chopped hay, drying 
baled hay, and hay quality. 

A meeting of the A.S.A.E. Committee on Hay Harvesting and 
Storage is scheduled for the evening of the second day. 

The forenoon session of the third day, December 8, wil! be 
devoted to round-table discussions of equipment for barn curing 
of hay which will be led by representatives of the manufacturers 
of such equipment, and will cover fans; motors, magnetic starters, 
and time switches; distribution facilities, dealer participation, and 
engineering assistance; manufacturers’ descriptive and advertising 
literature, and forecast on production and deliveries of equipment 
for 1945. 

The afternoon session will be devoted to a round-table discus- 
sion on educational and field plans, to be led by representatives 
of agricultural extension services, electric power distributors, and 
other agencies working with farmers, and will cover interstate 
cooperation in furthering the hay drying program, present  pro- 
cedure by which farmers may secure equipment, etc. 

Printed copies of the program and other information about the 
conference will be mailed to members of the A.S.A.E. Southeast 
Section and to members outside the territory of the Section beli: ved 
to be interested in the subject of the conference. Other members and 
all non-memers may obtain this information from C. J. Hurd, 
T.V.A., Knoxville, Tenn., or from the A.S.A.E., St. Joseph, Mich. 


Clyde Heads North Atlantic Section 


A’ its meeting in New York City, September 26 and 27, the 
North Atlantic Section of the American Society of Ag: cul- 
tural Engineers elected A. W. Clyde, professor of agricultura! en- 
gineering, Pennsylvania State College, as chairman of the Section 
for the ensuing year, succeeding R. G. Harvey of the Central New 
York Power Corp. J. F. Schaffhausen, agricultural engineer of J« hns- 
Manville Corp., was elected vice-chairman, and G. L. Munroe, ural 
service engineer, Narragansett Electric Co., secretary-treasurer. 

In point of attendance (148 registrations), excellence of pro- 
gram, interest, etc., comments of those in attendance votec the 
meeting as outranking any previous one held since the Section was 
organized in April 1925. The new officers have already begun to 
lay plans for the Section meeting in 1945. 


New A.S.A.E. Section 


] Y igenre of the American Society of Agricultural Engineers 
residing in Pennsylvania have been recently authorize.i, by 
Council of the Society to organize the Pennsylvania (state) Section. 
Arrangements are being made for the organization meeting ‘0 
held at State College, Nov. 16. 
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J-M Flexboard comes in sheets 
4’ wide by 8’ high and in thick- 


ste 


nesses of 14” or 3/16’. Attrac- 
tive stone-gray in color. 


MAIL COUPON TODAY 


aga aca aga eaga cas aa a aa aaa a 


JOHNS-MANVILLE, Department AE-10 
22 East 40th Street, New York 16, N. Y. 


I enclose 10¢ for ‘‘“Farm Idea Book.” Please also 
send free plans for 10 farm structures. 


Name 
Street or R.F.D. 


Town __ State 


PMI. 
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A WAR VETERAN 
RETURNS 


to make better 
farm buildings— 


J-M ASBESTOS 


N™ farmers can make repairs or build those 
needed farm structures with Johns-Manville 
Asbestos Flexboard. For this fireproof, rot- 
proof, asbestos cement board—drafted early in 
the war for vital military and naval construction, 
is again available. And because it cannot rust, 
is rodent-proof, and is unaffected by moisture, 
Flexboard can be used for both inside and out- 
side construction. 


Formed under terrific hydraulic pressure to give 
it extra toughness and strength, it is easy to 
handle, can be cut with an ordinary saw, and 
can be nailed close to the edge without drilling 
holes. Furthermore, being flexible, it can be 
curved to a considerable degree. 


Flexboard has a smooth, dense surface that re- 
sists dirt, making it easy to hose, scrub or wash 
down. It never needs painting or other preserva- 
tive treatment. And it’s low in cost, too! Farmers 
use it to line their milk houses, dairy barns, 
poultry houses, grain bins; also for building their 
range shelters, hog houses, roadside stands, etc. 


Mail coupon for “Farm Idea Book’’! 


The 64-page “Farm Idea Book” gives complete facts 
about J-M Asbestos Flexboard. It also includes infor- 
mative articles on insulation, ventilation, fire protec- 
tion, etc. Send 10¢ for your copy. You get free, drawings 
of 10 low-cost popular farm structures. 
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Roofing, siding, insulation and wallboard 
products . . . scientifically produced from as- 
phalt, asbestos-cement, wood fibre, minerals 

‘and other non-critical materials ... are widely 
available for prompt delivery from Flintkote 
distributors. 


These time-proved building materials have 
long been used for farm construction, mainte- 
nance and repair. Replacing hard-to-get ma- 
terials, many Flintkote products offer special 
advantages for farm application, protection 
from fire, weather and wear and the attacks 
of insects and rodents. 


Consultation and advice on farm construc- 
tion problems is readily availabie from the 
Flintkote Agricultural Engineering Depart- 
ment. Please address your inquiries to the 
nearest branch office. 


THE 


FLINTKOTE 


——s 
30 Rockefeller Plaza, New York 20, N. Y. 
PID RDA bncbbEA nse 6 00:Kd 0h acon Xeon ++eeee-1215 Sylvan Road, S.W. 
NK 650: e Bik cig m0 0:0: 60;6.0:8 ano di0Ke eemeced 826 Park Square Building 
I cide hcrecisaieisicans case ltaKar 17th and Wentworth Avenue 
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Is oo. Sa'ccorire-s:ieswcaesinniades.d Oak Street and Central Avenue 
IN la 6's a sda dia sars-0;einlepia'sinae a n1g/eieinie Poland and Galvez Streets 
I aides ain aca! acelin. are eierare oa lsce rks Ain aumnepeetee Medical Arts Building 
PIONEER DIVISION, THE FLINTKOTE COMPANY 
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Personals of A.S.A.E. Members 


———+J 


T. N. Jones was recently separated for mthe Army, in which he 
was serving as Major in the Field Artillery, and has returned to 
his duties with the Mississippi Agricultural Experiment S:ation, 
where he is now head of the station’s agricultural engincering 
department. 


Norton Ives recently resigned as extension agricultural enzineer § 
at the University of Minnesota to accept appointment as as-istant 
extension agricultural engineer in the Iowa Agricultural !xten. J 
sion Service. 


Edwin A. Krekow, associate engineer, at the Denver oftice of 
the Bureau of Reclamation, U. S. Department of the Interic:, has 
been transferred to McAllen, Texas, where he now carries the title 
of “agricultural economist” and is in charge of the economics sec. 
tion of the Valley Gravity Canal and Storage Project. 


R. O. Pierce has resigned as associate civil engineer, engineer. 
ing section, Farm Security Administration, and now holds the posi- 
tion of irrigation engineer with the Soil Conservation Service of 
the U. S. Department of Agriculture, and is located at Holdrege, 
Nebraska. 

E. C. Sauve and E. G. McKibben, section of agricultural engi- 
neering, Michigan Agricultural Experimert Station, are authors of 
an article, ‘Studies on Use of Liquid in Tractor Tires: Part I. Effect 
on Traction and Change of Pressure with Variation in Weight 
Carried by Tires,’ appearing in the quarterly bulletin of the Michi- 
gan station for August 1944. Reprints of the article are available 
on request to the station. 

L. J. Smith, chairman,’ agricultural engineering division, \Wash- 
ington Agricultural Experiment Station, is one of the authors of 
Bulletin No. 445 recently issued by that station, entitled “The Jeep 
As a Farm Truck-Tractor for the Postwar Period.” 

J. Phelps Walker has resigned as a member of the agricultural 
engineering staff at Virginia Polytechnic Institute, and is now en- 
gaged as planning technician for the Montgomery Work Unit, U.S. 
Soil Conservation Service, at Christiansburg, Virginia. 


Applicants for Membership 


The following is a list of recent applicants for nm:embership in the 
American Society of Agricultural Engineers. Members of the Society are 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


Vernon ©. Belt, technical staff, Bell Telephone Laboratories, 


Inc. (Mai!) 106 Maple St., Summit, N. J. W 
Fred Cassidy, executive engineer, Wood Bros. Thresher Co, § tric 
1700 E. Aurora Ave., Des Moines 13, Iowa. han 
Paul A. Deleon, chief engineer and manager, food proccssing § ever 
— Cleaver Brooks Co., Milwaukee, Wis. (Mail) 4200 N. able 
Larkin St. 
John H. Denton, manager, Valley Rural Electric Cooperative, bec 
Inc., Box 397, Huntington, Pa. T 
William A. Dodd, Jr., 2nd Lt., Corps of Engineers, USA. § whe 
(Mail) P O Box 6770-A, Chicago 80, Ill. B dias 
Edward H. Faulkner, director, modern farmer program, Na Sta 
tional Broadcasting Co., Station WTAM. (Mail) 427 9th St. ora 
Elyria, Ohio. ing. 
Dan M. Guy, agricultural engineer, Ethyl Corporation, 1600 cou 
West 8 Mile Read, Detroit, Mich. Ele 


C. E. Jakway, manager, Claverack Electric Cooperative, Inc, 
Towanda, Pa. 

Daniel C. McCoy, manager, commercial section, product de- 
velopment and application department, Frigidaire Division, General 
Motors Corp. (Mail) RR No. 7, Dayton 9, Ohio. 

Robert M. Morgan, irrigation layout and design specialist, R. 
M. VZade & Co. (Mail) 7917 S. E. 32nd Avenue, Portland 2 Ore. 

Barton W’. Moses, manager of rural electric co-op, Hancock Co. 
R.E.M.C., Greenfield, Ind. (Mail) 318 Walnut St. 

Walter E. Ripper, managing director, Pest Control, Ltd.. Har- 
ston, Cambridge, England. 

Vernon Vine, associate editor, Farm Journal, Wash:agton 
Square, Philadelphia 5, Pa. 

TRANSFER OF GRADE 

Thomas E. Long, assistant agricultural engineer, North Dakota 
Agricultural Experiment Station, Fargo, N. D. (Mail) 1135 - 9th 
St., North, (Junior Member to Member) 

Hugh C. Smith, manager, farm use sales department, The Sisal- 
kraft Co. (Mail) P. O. Box 62, Wayne, DuPage Co., III. (Asso 
ciate to Member) 

Earl F. Thompson, assistant soil conservationist (enginecring). 
Soil Conservation Service, USDA. (Mail) 48 Stanley St., Mount 
Morris, N. Y. (Junior Member to Member) 
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You can make your 
elevator. We will send you 
complete working plans. 


Whether you are storing grain or ear-corn, an elec- 
tric elevator to lift your crop into storage bins will 
handle more bushels per hour with less effort than you 
ever believed possible. With fewer hired hands avail- 
able, the need for more electrically driven equipment 
becomes increasingly apparent. 


To help you build an elevator, perhaps this winter 
when you have more time, General Electric offers you 
diagrams—working plans—drawn up by Michigan 
State College, Department of Agricultural Engineer- 
ing. They are free for the asking—simply send in the 
coupon below, with your choice marked. General 
Electric Company, Schenectady 5, N. Y. 


G-E fractional-horsepower 
motor recommended for 
use on these elevators. It 
can be used on other equip- 
ment—in the workshop, in 
the home. For further in- 
formation on this and other 
G-E motors for the farm, 
ask for Bulletin GEA-4187. 


eee. ee ee 


Farm Industry Division 


On the James Long Farm, St. Johns, 
Mich., a homemade grain and ear-corn 
elevator driven by an electric motor ele- 
vates six bushels of oats a minute. Essen- 
tially, the elevator consists of wood flights 
nailed on a three-ply, 3-in. rubber belt. At 
the left are Ed and Jim Long. To date, Ed 
has built more than 50 of these elevators 
for other farmers in his community. 


A 20-ft ear-corn and 
— elevator made 
rom Diagram 3 


(offered below). 


FOUR TYPES AVAILABLE 


1. Grain elevator—10 ft to 24 ft, portable 

2. Ear-corn elevator (same as above) 

3. Combination grain and ear-corn (same as above) 

4, Vertical—built-in, bucket type for permanent use indoors 
Complete dimensions, list of materials required, full 


explanation of each type included. These have been tested 
and approved in actual operation. 


General Electric Company 
Schenectady 5, N. Y. 


Please send me diagram(s) I have checked below: 


O 1. Grain elevator 

O 2. Ear-corn elevator 

O 3. Combination grain and ear-corn elevator 

O 4. Vertical, bucket-type elevator | 
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Postwar Needs in the Field of Farm 
Power and Machinery 


OSSIBILITIES in interchangeable power units for farm ma- 
P chines is something that merits special study in the postwar 
period, according to a report made recently by the Committee on 
Postwar Planning of the Power and Machinery Division of the 
American Society of Agricultural Engineers; in fact, the report 
recommends the formation of a committee representing engine and 
machinery manufacturers to undertake the standardization of engine 
and machine parts for the purpose of making interchangeable power 
units feasible. 

Inasmuch as some farm machines and implements or parts there- 
of are known by different names, the Committee recommends the 
appointment of an A.S.A.E. committee to study nomenclature of 
farm machinery and equipment and formulate definite recommenda- 
tions in connection therewith. 

In its report the Committee also recommended that agricultural 
engineers in war service be circularized to learn their desires as to 
postwar employment, etc., as a preliminary step in assisting in the 
most effective placement possible after the war of agricultural en- 
gineers now serving with the armed forces. 

In addition to the foregoing recommendations, the Committee 
gave consideration to other worth-while postwar projects but made 
no specific recommendations in connection therewith. These matters 
are as follows: 

The Committee believes that farm living conditions should be 
made more attractive to returning soldiers, especially with respect 
to improvement in housing conditions. 


Farming units should be consolidated the Committee believes, 
to the extent of making one out of about four of the present units, 
thus providing a higher level of management and better returns 
from the land. The consolidated units should not be too large, 
and it believed that the system proposed should maintain a sem- 


Change your stationary machines to mobile units for 
extra efficiency and extra value to users. Many man- 
ufacturers have found that their products really start 
GOING PLACES when they start them ROLLING! 


heel Co., pept. ae Quincy, Ill. 


blance of the family farm, but result in greater economies than the 
present system. 

The Committee would like to see special study given to the 
distribution of war equipment suitable for farm use. It is also of 
the opinion that more attention should be paid in the postwar 
period to the training programs for teachers of vocational agricul- 
ture and to agricultural extension work. Also, because so much 
labor has been drawn away from the farm for direct or indirect 
participation in the war effort, much of which will not return to 
the farm, thus resulting in a smaller percentage of workers in rural 
areas after the war, the Committee believes that such a situation 
will stimulate the demand for labor-saving equipment and practices, 
and that agricultural engineers should be giving special attention 
to that situation. 

The personnel of this Committee included A. J. Schwantes 
(chairman), E. M. Mervine, D. A. Milligan, R. I. Shawl, B. G. 
Van Zee, and F. J. Zink. 


A Buffalo Grass Seed Drier 


(Continued from page 396) 

of moisture was stored in jute bags in the warehouse, and when 
moved out two months later the seed containing 16 per cent was 
found to have lost approximately 2 lb per 100 lb. All seed was in 
perfect condition. When the temperature reached 122 F inside the 
enclosure, the dried seed was found to contain 14 per cent moisture. 

Germination. After the seed was dried samples were taken to 
determine germination. The seed before treatment had germinated 
from 7 to 10 per cent. Good well-matured and properly cleaned 
seed germinated 75 to 80 per cent after treatment. Some of the 
same seed left in the refrigerators for eight weeks germinated 85 
per cent. Other lots of seed not well-matured and not well-cleaned 
germinated 50 to 65 per cent, depending upon quality. Experience 
to date indicates that the proper treating and drying of buffalo 
grass seed increases germination from six to eight times that of 
untreated seed. 
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EWC Wheels and 
Mountings can help 
work wonders for 
you. Write for Illus- 
trated Bulletins--and 
sound engineering 
advice based on 
over 90 years of ex- 
perience. 


ae 


AGRICULTURAL ENGINEERING for October 1944 


oo) ae et Cea Seed - te ys en a ic a ps Oe oS Pee 
se) Be Ay ee eS Sa iy ie pare 7 Te ase na 
pate ES, Res Sie s, Bees tee ana ae Bast ee Pa, Bae 
fe? an ie ato: 5 aia BS Lee a eae re, [s 7M Se. wht aa 
ae me SaaS Eee Be a eel 3 a as as ae era ek. 
Ss Spee eee: Oe , Be nn oe eS Ee eer ey mek 
ara oe ae ee ee ee pnt eae ieee Oe ies eae . = 
Ai? rn ae a 
a ee : 
pe es 
et ee : 
eb a7 ahr 
Seiten a 
cpa ote: 
as 
ornate 8 8 
ips. 
a cue 
> Bi. ae 
+ ena Gs 
ae 
- Satie 
Hi) +o le aera 
eo aie 
ea ae a 
eee 2 
oe 27h ae 
eae 
vee ts <2 
Reet” 
a ene 
Vat Se eile 
ist ae 
2 ais 
a 
ae. 
> re: 
“a 
. Be 
Dee ag 
a. en 
ey oe 
a elie 
Gee rae 
1 ene 
eo Seana 
(ee ee 
ih eae: 
=O Sqn Cir 
eee c 
Bee a ana X « 
Teche 
a ae 
eee 
ig aaa 
apne Fae 
a Nate 
BO 
SERS arr ee 
See 
ee ee 
ee 
4 ie Ge 5 a 
ee 
. egies 
Apeeaa For 
Bee es! Sar 
eee = ied ] 
2 ea Pe ee ee gain 
ee by 
AG < AONS — eas ; ; 
3 VEN aes i eae =e ak _ See | age eee Sore UREA Re ao ei ae A | lif 
a ae ta en = : g fee ey a i va! . Spey en a il 
py) RE a tee ; aie cy ¢ ae: . De dept = oll 
7 & as . Fis. © . ee 
Be samen os ; a, 5th a me a : 
fae “Far ww he ees aay a s : 7 F. ee TERE ee ba 
Fee aes he we poe F pp fe . ° ae —_— da 
ae Tay ‘5 i eo 7s wer rf fs 4 tin, an 
Ber; epee he # we Ere cue ‘ E : i 4 ¥ > 
Sat Sites ay 2 Az . : f Peace ced : AZ. s TT, 1 anc 
i. Seite: ra z = 3 , fs ) eae se : s : Saw | YE { Ave i 
ae ae ls 1 i as act: ie are Minar Re REN gS ar (ay aS : i ce ok cea © Ween ing 
2 Roam: ER a ae eae ? a es” ‘ fos) \ pan 
ee: as art. ; = Ee es : BE eeeaOUIS CS) lzin 
i aS ee Rar” rt . - Sioa eS a . ae i PiGer as tee —— p+ ( 
ne 0 ee ‘ “A sn | Bet ie 7 “g Dyes hein WF o)) az 
Bae) Ro 7 Se oe sic “Aa a oe ES ; es ames Aue) iSad) AG 
A a? at tae if : eee: ety on , a a —T" = F 
ay. ae ers 3 a : ea ae 2 ae y 4 Y ¥ . 7 a) 
eae Bet 2 eee Sa Se tae Ae vega er > > tery riba 2 “? » Ge A ci = 
po ae a 4 oe £ Prk a 7” - * 7 —, T 
ed Sy ea vi ee eee st cement ae cs Band TEA ise | ea ae es ~ %, S 
Diet.” © eile eae trea. ies ae ae ste # Seeks ays : eet ee” + =~ 
SR pest “pt og NG ean  ONIO Sot ee eee a ee oe, eae Toe eS Pe ae a ee a . —_ 
os 7 ee oes ec “s ‘sacha ee we wets —— ee IE ac, ree” yale haan he SS 
ei ee one, . a. nn ‘ a Re . vy ‘~obee —— : f or 
ota ee SRR er er ee WER ea d 4 : 
A ae. Bets i 68,3 a Seer . erg a PE SR eae: ae ad SH ie C 
Poy oars ae Wag cg "a Be \ fi “ x 
SO Pee ae Be ba = «a o-_ Sree Sigh ees = a ae . . , ae Y 
ERE J rie oe ope See. ediak | 6s 386. »Y Bae = 
ae eee a gedae P. Si eee a e x of TR A amas .. + oo g 
ee ie ae ee dl WJ’ BBS 
Sige ty Be: ‘. : ail 5 1) weet. 7 Pg ta Be 
erates, 3 “y mia ee | : 
A oo : a if \ \ ae So jud 
in eee be! De Ph ao. py \ ee 
TORI EE SS + ae : > Py, aS —, ; - \ PEs | 
Ge pre ea ¥ x Ba; ees: — —— a) <_ \ oye a 
eh eer ae: | \ y awe SP 7 a 
alata ota a \ ——_ 1 ONE ZA = 
poll eee. ke >” Sh : — idee " a a) 3 
ae Sea Cre A] i. ee \eb7 3% Se) ee q 
ee ee \\ . or . ties * q Fo a 3 
5) eames = Yo is : \ ME a a “y 
a Se “i a WAG 7 4 : 
“Sy ARS A VIF ; ees | E E 
fies, ee ; ox ee > fess Se 3 
. * ee ae We — ae — 
eis), ae oe a WN q 
Mite So ; + “ANS a 
ray see : iY) ae : 
fe eet ae 2 ee 
a Seer ae x : S q 
io: oe cS pate ~ 
: ', ae ie, 
SAS eae Suh 
es a age Pee ys ‘ 
eo to 
” yet 
i 
ree! = E 
es. an i 
= aie | ~ A tpt ferry adi - a 
es, | ee ee ios ae Peek 
ee | BS Se. at 
Beth. ae on ees SAS. SAS 
Te Se eR Be % i gf esi ‘ RRC 
So = Ea op. SRE fe ae i spac v7. 2 at aes : PY aire ae es 
ei | Sean ree eas: ey hENeas rh eee i 19 cr a bar} ate Oe}: + 
a Speer ten SOR : <i tn. oe ‘a Bice ie a ort ay? 
=: ai ears (an ng ere ie ae Es = a ar ys 
Me ee MERE SYS. A ae : A ip PERESR Se ; 
2, ae Sete eee eaten’ i A 2 BAS Ssh 
eee sy 1 Se, Rat m * > =| y a 
Red WEEE roses s! eee hay aba we CO oni me tit : eae Te ? Cs = 
| eerie Oa Ag i eR ag sr ea eS. : 
a ae Pa re ede SEM eee. ee ES ee wee aN be re) 24 a 
oi. <= eee AN hk oe te . . 7 te am o> Rie: a ~ 
bs ees eee. WO El ic W WD i ve 
ee oa UES A ee ee Hea ectr c Po ee ae — ; 
se er p 
YS 
pe Peers ts ee . 
S| ei 
: 402 Me 8€6F 
Mee en j 
pees | 
Se ee : 
tae Aetna S 
HOTA R ee eae tee ; 
ety tees Be” i 
eee es anes — : 
he Se cet Sah : , — spa ; 
Pens cos aves act, ii: a ee oa a belli enti Soccer ee ae Se a Pea — ‘ 
Pa oN es rs tag aS OES Dat oat oe an a ool 5 i ae a eo a Srv iceres a 
oF Op eat woe oe 2p a Dp eae: apse Seen oe ete tl - 
a eon ees | ol FOL RS Be ee) ise : - 


w! en 
it was 
vas in 
le the 
isture. 
cen to 
inated 
leaned 
of the 
ed 85 
leaned 
rience 
uffalo 
hat of 


re 1944 


on Buildings 


For in these days of material scarcities, 
galvanized roofing can be taken care of 


by simple, easy means and made to last 
a lifetime. 


Galvanized roofing is zinc-coated roofing; 
and the U.S. Bureau of Standards states that 
tinc is ‘‘by far the best’’ protective metallic coat- 
ing for iron or steel! Zinc in the form of galvan- 
izing provides double protection: 


First, by simple coverage, with a sheath of 
rust-resistant metal. 


Second, by electro-chemical action or ‘‘sacri- 
ficial corrosion.” 


Galvanized roofing is used on more than a 
third of all the farm buildings in the United 


States — which proves that farmers are smart 
judges of roofing value! 
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Take Care Of It! 


It’s just good business to take good care of galvanized roofing. 
It is so easy to do it, too, that there’s no excuse for neglect. With 
reasonable care, galvanized roofing can be made to give]a 
lifetime of satisfactory service. Get a copy of the free booklet 


*““How to Make Galvanized 
Roofing Last Longer’’ 


and the few simple steps to take will be made completely clear. The book- 
let is valuable. It's free—write for it today. 
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Consulting Engineering Work In Farm Structures Fielq 
Also Sales Engineering for Selected Manufacturers 


GEORGE R. SHIER, A. E. 


Member A.S.A.E. Associated with Howard S. Sterner Company, on. 
sulting Structural Engineers, 30 East Broad Street, Columbus, Ohio 


= €6«. Consulting Agricultural Engineer & Farm Market Ana'yst 


Nia . % on Rite be 
Be Pe Pos caee eee FRANK J. ZINK, A. E. 
Caled ENGINES Member A.S.A.E. Suite 4300, Board of Trade PF ig,, 


al Se Telephone: Wabash 1558 141 W. Jackson Blvd., Chicago 4. Ill. 


Highly systematized, progressive assembl o> 
of Y Y h ae P 9 | emb 'Y of RATES: Announcements under the heading ‘‘Professional Directory’ in 
isconsin eavy- uty air-coo ed engines AGRICULTURAL ENGINEERING will be inserted at the flat rate of 


keeps them coming off the production line in $1.00 per line per issue; 50 cents per line to A.S.A.E. members. \\ini- 
. mum charge, four-line basis. Uniform style setup. Copy must be re- 
a steady, uninterrupted stream. Every oper- i , " - =a 


: : ceived by first of month of publication. 
ation is handled by a thoroughly trained 
wunheee whe pele Wi pecliend ph OO eee eee 


with speed and skill. EMPLOYMENT BULLETIN 


The picture shows a run of Model VE-4, The American Society of Agricultural Engineers conducts an employ- 


V-type, 4-cylinder engines going through... ment service especially for the benefit of its members. Only Society 
for power destinations on many types of members in good standing may insert notices under ‘‘Positions Wan- 

. ted,’’ or apply for positions under ‘‘Positions Open.’’ Both non-members 
equipment. Perhaps one of these heavy- and members seeking to fill positions, for which ASAE members are 
duty engines has been reserved for service qualified, are privileged to insert notices under ‘Positions Open,’’ and 


on your equipment. to be referred to members listed under ‘‘Positions Wanted.’’ Any Notice 
in this bulletin will be inserted once and will thereafter be discontinued, 
unless additional insertions are requested. There is no charge for notices 
published in this bulletin. Requests for insertions should be addressed 
to ASAE, St. Joseph, Michigan. 


POSITIONS OPEN 


FARM STRUCTURES MAN wanted by large company for ex- 
panding program in prefabricated farm buildings and components. 
Excellent opportunity for man qualified in functional phase of de- 
sign and promotion. Replies should indicate scope of training and 
experience. Confidential. | PO-167 


SALES ENGINEER wanted for permanent position with small 
company producing well-accepted building material products. Sub- 
stantial base salary, better than average proposition for man with 
liking for sales work and knowledge of building construction. Give 
full information on past experience and earnings expected. PO-166 


AGRICULTURAL PRODUCT ENGINEER wanted for me- 
chanical designing and development of corn pickers, combines, 
and other harvesting machines. Permanent position with old well- 
established midwest manufacturer with national distribution. Lo- 
cated in fine city with adequate housing and educational facilities. 
Big postwar farm market assures future. Salary open. Good oppor- 
tunity for advancement. Write experience, qualifications, ¢raft 
status, and other particulars in your letter. PO-165 


ee — 


@ Alligator V-belt Fasteners and the open-end V-belting 
now being made by belting manufacturers, will enable you 
to make up multiple V-belt drives from roll belting. These 
fasteners have been on the market 9 years and are now 
being used on a wide variety of drives. 

Available for B, C, D sizes of belt for industrial use and 
l-in. and 2-in. sizes for railroad use. These fasteners, how- 
ever, should not be used for repairing endless cord V-belts. 

Bulletin V-205 will give you complete details as to where 
and how these fasteners are used, sizes, list prices, tools and 
application instructions. A copy will be mailed at your 
request. 


gional offices. 


AGRICULTURAL ENGINEER wanted by a well-known na*ion- 
al organization to engage in sales promotion work on farm build- 
ings, preferably someone in his early thirties with good engine: ring 
training and farm background and with plenty of initiative and 
ingenuity. Special training in farm buildings would be helpful to 
person selected. Discharged service men will receive special con- 
sideration. Write giving full details as to education, experience, 
etc. PO-164 


Order from your supply bouse 
FLEXIBLE STEEL LACING COMPANY 
4677 Lexington Street, Chicago 44, Illinois 


Also sole manufacturers of Alligator Steel Belt Lacing 
for flat transmission belts and Flexco HD Belt Fasteners 
and Rip Plates for fastening and repairing conveyor belts. 
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America’s motorcar industry 
has been at war. When it gets 
back to making automobiles, 


ia vast new opportunity for 


engine improvements will be 
waiting in the improved gaso- 
line that will then be available. 


H™ ON THE LIsT of things the 
average man wants after the 
war is a new automobile. But John 
Public looks forward to something 
more than just a new car—he 
wants a better car. 


It is true that replacements for 
essential transportation may keep 
the automobile industry more than 
busy for quite awhile after the war. 
During this period revised versions 
of 1942 models may be all that 
are available. Once this phase of 
reconversion is over, there will be 
the problem of continuously re- 
building and replacing America’s 


automobile population—and again 
the problems of “‘creating’’ sales 
and customers in a competitive 
market. We can look forward to 
future engineering competition 
along the lines of the simple, time- 
honored, American method of 
making better and better cars. 
Refinements in body design, new 
accessories and greater riding com- 
fort will play their part. But the 


most significant progress in motor- 
car design will depend—in the fu- 
ture, as in the past—upon the de- 
velopment of engines that get more 
work from each gallon of gasoline. 

The basis for such progress al- 
ready exists. It lies in the develop- 
ment of engines to fully utilize the 
greatly improved gasoline which 
the petroleum industry will be in 
a position to offer the public. 


ETHYL CORPORATION 
Chrysler Building, New York City 


Manufacturer of Ethyl fluid, used by oil companies to im- 
prove the antiknock quality of aviation and motor gasoline. 


Messe cake Sa 


eee 


Wartime progress by America's petroleum industry has paved the 
way for fundamental progress in post-war automobile engine design 
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Ventilation in poultry houses is 
more easily controlled when walls 
are lined with SISALKRAFT to shut 
out wind, rain, cold and dirt. Ma- 
chinery stored in the open is safe- 
ly protected from weather when covered with 
weatherproof, tear-resistant SISALKRAFT. Used to 
bank farm house foundations, SISALKRAFT shuts 
out wind and cold, thereby saving fuel. 


A new folder illustrating many 
farm uses of SISALKRAFT is 
a available. Would you like to 
™ have a copy? 
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SISALTAPE AND COPPER-ARMORED SISALKRAFT 
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GOOD FEN 


Help Rebuild 
Run-Down 
Farms 


ee HIS 228- acre 
farm was crop- 
ped to death up 


to five years ago. 

Fences were poor, the 

‘ farm carried very 

_ ‘Darwin F. Stock little livestock, and 

\ Mer. ” crop yields were low. 

-i) 0) Sehindler Farm — ae “ag geo 

; 4 y refencing, it wa 

eo if _ 3 \ Defiance, Ohio possible to stock the 


farm heavily, rotate 
the crops properly, and bring soil-building legume pastures 
into the rotation. As a result, soil fertility improved and crop 
yields increased. Last year, corn made 70 bushels per. acre; 
oats, 60 bushels. This farm is now producing twiee as much 
food as 5 years ago.” 


NEW FENCE AVAILABL 


The government continues to release fairly 
large amounts of steel for the manufacture 
of fence and fencing materials, including steel 
posts. 

Keystone’s present fence, while not marked 
with Red Brand, is made of copper-bearing 
steel, well galvanized ... the very best fence 
obtainable under present Government direc- 
tives. See your nearest Keystone dealer. 


KEYSTONE STEEL & WIRE CO, PEORIA 7, ILLINOIS 


RED BRAND FENCE 


and RED TOP STEEL POSTS 


408 


Manufacturers of SISMRATT, FIBER, SISAL 


EMPLOYMENT BULLETIN 
(Continued from page 406) 


SALES ENGINEERS, preferably 32 to 38 years of age. with 
college education in engineering and with sales experience, ar 
wanted by a large national manufacturing organization to cngag 
in the sale of farm buildings through dealers. While a postwa 
project, qualified applicants will be interviewed now. Specia! co 
sideration will be given discharged service men who have cuali 
cations sought. Write giving full particulars as to education, 
perience, etc. PO-163. 


POSITIONS WANTED 


AGRICULTURAL ENGINEER available. Six years’ expe-ienc 
in rural electrification with private power company and governme 
power project; experience in educational and research phases f th 
work. Two years’ experience in farm management with sto in 
stitution. Well acquainted with personnel of the land-grant c: \lege 
in midwest and southern states. Two years’ experience as mechani 
cal engineer and plant supervisor for large industrial concer 
B. S. degree from a Midwest university. Age 32, health exccllent 
married. PW-363 


AGRICULTURAL ENGINEER with a B. S. degree in azricul 
tural engineering from an eastern college is available for eniploy 
ment. Experience in soil conservation, drainage, and use of «xpk 
sives in land drainage and land clearing ; farm reared with experienc 
and knowledge of the operation, care, and adjustment of farm ma 
chinery and equipment, also wood-working equipment and farq 
building construction. Age 38, married, two children. Would lik 
position in teaching, research, or extension work. PW-362 


AGRICULTURAL ENGINEER with a B. S. degree in agri 
cultural engineering from a midwest college and training course i 
management, operating and buying with mail-order firm. Two years 
experience in farm building appraisal, inspection and fire preven 
tion. Present position, purchasing and planning of aircraft parts 
Age, 27 years; married with two children; draft status, 2B. Woul 
like position in development and promotion of farm buildings an 
equipment or in purchasing or production work in a factory manu 
facturing agricultural equipment. PW-361 


A Handsome, Permanent Binder 
for AGRICULTURAL ENGINEERING 


only $1.40 


The ONLY binder that 
opens flat as a bound book! Made of 
durable imitation leather, nicely 
stamped on front cover and backbone, 
with name of journal and year and 
volume number, it will preserve yout 
journals permanently. Each cover holds 12 issues (one 
volume). Do your own binding at home in a ‘ew 
minutes. Instructions easy to follow. Mail coupon for 
full information, or binder on 10-day free trial. 


SeeseseseseseseeessMAIL COUPON TODAY <«esseeeceeneneuevesl® 


SUCKERT LOOSE-LEAF COVER CO. 
234 West Larned St., Detroit, Mich. 


Mail POSt PIG eeeccerreeirinerrverrrimnecnnrrnrnrenabindders for Agricul. ural 


aN EON IN a 
Will remit in 10 days or return binders collect. 


Ne ae OEE nae en EE ROT ee — 
Address... 
City...... 
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